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War  Department, 
Washington^  FAruary  5,  lOOli^ 
Sir:  I  have  the  honor  to  transmit  herewith  a  letter  of  this  date  from 
the  Chief  of  Ordnance,  U.  S.  Army,  submitting  for  transmission  to 
Congress,  as  required  by  law,  copy  of  the  report  of  the  conmianding 
officer  at  the  Watertown  Arsenal,  of  "Tests  of  iron  and  steel  and  other 
material  for  industrial  purposes,"  made  at  that  arsenal  during  the 
fiscal  year  ended  June  30,  1903. 

Very  respectfully,  Wm.  H.  Tapi, 

Secretary  of  War. 
The  Speaker  of  the  House  op  Representativbs. 


War  Department, 
Office  of  the  Chief  of  Ordnance, 

WmKington^  F^yruary  5,  190^,. 
Sir:  I  have  the  honor  to  submit,  for  transmission  to  Congress,  as 
required  by  law,  a  copy  of  the  report  of  the  commanding  officer, 
Watertown  Arsenal,  of  "Testa  of  iron  and  steel  and  other  material  for 
industrial  purposes,"  made  at  that  arsenal  during  the  fiscal  year  ended 
June  30,  1903,  which  has  just  been  received  at  this  office. 
Very  respectfully, 

William  Crozier, 
Brigadier- General^  Chi^  of  Ordnance. 
The  Secretary  of  War. 
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4  TESTS   OF  METALS   AND   OTHER  MATERIALS,  1903. 

Watertown  Arsenal, 
WatertoyyUy  Mdsa.^  January  19^  190^. 
Sir:  I  have  the  honor  to  submit  herewith  the  annual  report  of  tests 
of  iron  and  steel,  and  other  materials,  made  at  this  arsenal  during  the 
fiscal  year  ended  June  30,  1903. 

The  total  number  of  specimens  tested  during  the  year  was  classified 
as  follows: 

Gnn  spedmenB 71 

For  Ordnance  Department 1, 471 

For  other  Government  departments 178 

Investigative  tests 1 ,  874 

Tests  for  private  parties 618 

Total. '. 4,112 

The  receipts  and  expenditures  were  as  follows: 

Amount  appropriated  for  testing  machine  and  testing  work $15, 000. 00 

Received  from  private  parties  during  the  year 816. 25 

Total  received 15,816.25 

Amount  expended  for  services  and  labor 14, 105. 03 

Amount  expended  for  light,  power,  tools,  implements,  and  materials  for 
test 1,711.22 

Total  expended 15,816.25 

During  the  past  year  the  testing  department  has  been  occupied  with 
material  representing  the  current  work  at  this  arsenal  and  those  man- 
ufacturing establishments  which  are  engaged  upon  work  for  the  Ord- 
nance Department.  The  tests  are  directed  chieny  toward  the  determi- 
nation of  those  physical  properties  essential  for  the  acceptance  of  the 
material,  as  prescribed  in  the  specifications  governing  the  manufa<;ture 
of  ordnance  construction. 

In  certain  of  these  tests  the  loading  of  the  material  is  continued  until 
rupture  of  the  metal  is  effected  and  the  maximum  resistance  thus 
ascertained,  and  the  results  compared  with  the  predetermined  proper- 
ties established  in  the  specifications.  In  other  cases  proof  stresses 
have  been  applied,  the  maximum  severitjr  of  which  is  adequate  to 
demonstrate  the  fitness  of  the  metal  for  its  intended  purpose,  yet 
without  causing  sensible  deformation  or  injury  thereto.  The  proof 
tests  of  piston  rods  and  the  repeated  loading  oi  springs  are  examples 
of  the  latter  class  of  tests,  while  in  the  former  may  be  found  the  class 
of  tensile  tests  consisting  of  the  metal  in  guns  and  their  carriages  and 
mounts,  or  coupons  therefrom. 

A  considerable  number  of  tests  on  the  tensile  strength  of  metal  from 
steel  castings  for  6-inch  barbette  mounts  have  formed  a  part  of  the 
work  of  the  testing  machines,  nearly  one  thousand  specimens  from  the 
steel  castings  having  been  prepared  and  tested  during  the  past  six 
months.  These  specimens,  together  with  bronze,  cast  iron,  and  forged 
steel,  from  the  arsenal  shops,  represent  the  larger  part  of  the  routine 
tests  of  specimens  carried  to  mtimate  destruction.  Helical  springs 
for  different  types  and  sizes  of  carriages  have  been  tested  and  form 
another  part  of  the  routine  work  of  the  testing  room. 

In  the  mvestigation  of  the  subject  of  streaks  in  gun  forcings,  a  third 
hoop  of  reduced  thickness  of  walls  has  been  subjected  to  interior 
hydrostatic  pressures,  which  were  increased  until  rupture  of  the  metal 
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was  effected.  The  results  of  this,  a  streaked  hoop,  confirmed  the 
earlier  tests  of  a  section  of  the  same  metal  in  respect  to  showing  that 
streaks  are  lines  of  diminished' resistance  in  the  steel. 

Tests  of  shrapnel  cases  have  been  made,  showing  the  tensile  strength 
of  cold-drawn  cylindrical  and  hexagonal  cases,  and  the  strength  of 
Ehrhardt  cases;  also,  tests  by  interior  bursting  pressures. 

Respecting  the  investigation  of  the  relative  propeilies  of  carbon  and 
nickel  steels,  current  statements  on  these  steels  have  met  with  further 
confirmation  in  the  present  series  of  tests;  that  is,  that  higher  elastic 
limits  and  tensile  strength,  still  accompanied  by  toughness,  results 
from  the  addition  of  nickel  to  the  metal.  Under  repeated  alternate 
stresses  of  tension  and  compression  the  two  steels  behave  in  a  similar 
manner,  and  ultimate  rupture  may  be  accomplished  in  each  without 
the  display  of  sensible  elongation  or  contraction  of  area.  The  prop- 
erties of  a  given  steel  are  so  modified  by  heat  and  mechanical  treat- 
ment that  special  attention  has  been  given  the  metal  as  found  in  its 
natural  state  in  the  ingot.  In  this  state,  as  exemplified  in  the  present 
tests,  attention  has  been  directed  to  the  presence  of  local  spots  of 
weakness  which,  in  the  specimens  thus  far  tested  (extracted  from  ap- 
parently sound  parts  of  the  unf orged  ingot),^  have  been  more  frequently 
encountered  in  the  nickel  steel  ingot  than  in  the  carbon  steel.  These 
local  defects  appear,  after  the  metal  has  been  ruptured,  as  bands  or 
streaks  of  light-colored  metal,  with  smooth,  splendent  surfaces.  Their 
presence  has  not  yet  been  explained.  So  far  as  known  heat  treatment 
of  the  unforged  metal  by  annealing  at  a  suitable  temperature,  while 
improving  the  metal  as  a  whole,  does  not  modify  the  deleterious  influ- 
ence of  these  local  defects.  Forging  tends  to  obliterate  and  obscure 
defects  of  this  kind,  at  least  in  tests  made  in  the  direction  in  which  the 
metal  has  been  drawn  out  by  the  hammer. 

Illustrating  the  range  of  physical  properties  which  may  be  displayed 
by  the  same  gi*ade  of  steel,  sound  metal  from  a  nickel  steel  iuTOt,  m. 
3.25,  C.  0.17,  showing  in  its  natural  state  a  tensile  strength  of  66,000 
pounds  per  square  inch,  was  raised  by  means  of  heat  treatment,  with- 
out forging,  to  a  maximum  of  189,000  pounds  per  square  inch.  This 
result  was  attained  by  sudden  quenching  of  the  steel  from  a  high  tem- 
perature.^ Heating  and  quenching  from  a  more  moderate  temperature 
resulted  in  the  acquisition  of  an  elastic  limit  equal  or  superior  to  the 
primitive  tensile  strength  of  the  unforged  metal,  concomitant  with  the 
ability  to  elongate  and  contract  well  before  rupture. 

Experiments  have  been  made,  confirming  earlier  results  from  other 
sources,  on  the  effect  of  torsional  strains,  carried  beyond  the  elastic 
limit  of  the  metal,  upon  the  subsequent  tensile  properties.  Over- 
straining in  a  tensile  direction  followed  by  a  period  of  rest,  as  is  well 
known,  causes  an  exaltation  of  the  elastic  limit  and  increase  in  ultimate 
tensile  strength.  The  torsional  overstrain,  although  stretching  some 
of  the  fibers,  shortened  the  bar  as  a  whole.  This  resulted  in  a  decided 
increase  in  tensile  strength;  the  greater  the  number  of  twists  the 
higher  the  tensile  stren^ii  of  the  specimen  turned  down  from  the 
twisted  bar.  A  50,000-pound  iron  was  raised  to  a  strength  of  67,000 
pounds  per  square  inch.  In  respect  to  the  elastic  limit  and  elonga- 
tion, both  had  lower  values  in  the  twisted  metal,  the  former  value 
being  quite  indefinite. 

There  was  an  examination  of  some  old  iron  and  steel  bars  after  a 
long  interval  of  time  had  elapsed  since  the  original  tests  were  made. 
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The  fractured  ends  from  some  double  refined  puddled  iron  bars  rested 
a  period  of  twenty  years  four  months,  at  the  end  of  which  time  they 
were  again  loaded  in  tension.  The  high  state  of  tensile  resistance  inci- 
dent to  the  primitive  stretching  of  the  metal  still  remained  in  the  bars. 
That  is,  there  had  been  no  effacement  by  reason  of  the  lapse  of  time 
of  the  high  tensile  elastic  limit  which  followed  the  earlier  oyerstrain- 
ing  of  the  iron.  Under  the  opposite  stresses  of  compression  there 
was  likewise  a  high  resistance  before  permanent  sets  were  deyeloped. 
In  another  instance  a  steel  bar  was  examined  after  an  interval  of  rest 
of  fourteen  years  five  months.  This  examination  was  for  the  purpose 
of  determining  the  present  value  of  the  elastic  limit  of  the  metal  for 
loads  in  a  compressive  direction,  the  last  loading  having  been  an  over- 
straining one  in  a  tensile  direction.  From  previous  results  with  this 
bar  the  immediate  effect  of  overstraining  in  one  direction  was  attended 
with  a  considerable  reduction  in  the  elastic  limit  under  reversed 
stresses.  The  apparent  result  of  the  interval  of  rest  was  a  tendency 
toward  the  restoration  of  a  state  of  equality  between  the  tensile  and 
compressive  elastic  limits.  This  was  not  completely  reestablished, 
but  an  advancement  toward  this  result  was  shown. 

Investigative  tests  on  the  subject  of  cements  and  concretes  have 
been  continued,  and  the  results  developed  are  believed  to  possess  gen- 
eral engineering  interest  Some  tests  have  been  made  on  neat  Portland 
cement  and  cement  mortar,  the  latter  having  the  composition  of  one 
part  cement  to  one  part  sand,  in  which  the  material  was  set  under 
pressure  immediately  after  gauging.  The  neat  cement  specimen  at 
the  age  of  1  month  displayed  a  compressive  strength  of  19,150  pounds 
per  square  inch — the  average  strength  of  granite — and  the  mortar 
specimen  at  the  same  age  14,020  pounds  per  square  inch.  During  the 
early  stages  of  induration,  and  while  in  the  molds,  the  material  was 
placed  under  an  initial  pressure  of  about  14,000  pounds  per  square 
inch,  after  the  release  oi  which  the  specimen  set  in  water  until  tested. 
The  strength  developed  by  these  specimens  was  largely  in  excess  of 
that  of  corresponding  material  which  indurated  under  normal  condi- 
tions of  setting. 

Very  respectfully,  your  obedient  servant, 

John  G.  Butleb, 
Colond^  Ordna/nce  Depa/rtment^  U.  8.  Army^  Commanding, 

The  Chief  of  Ordnance,  U.  S.  Army, 

Wa/dhim/gton^  D.  C. 
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15-POUNDER  R.  F.  GUNS. 


SPECIMENS  FROM  TUBES,  JACKETS,  BREECHBLOCK, 
AND  BREECH  BUSHING. 
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15-POUNDBB  B.  F.  GUNS. 
Tube. 

No.  7618. 

Marks,  g??5^'^ 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 
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Applied 

loaas  per 

square 

inch. 

Elongation 
per  inch. 

Buccessiye 
elongation 
per  inch. 

Pennanent 
set. 

Sacoesslve 

pennanent 

set. 

Remarks. 

I\mnd9. 
1,000 
5.000 
10,000 
20,000 
80.000 
85,000 
40,000 
46,000 
60,000 
65,000 
66,000 
57,000 
58,000 

60,000 
61.000 
62.000 
95,500 

Inch. 
0. 

.00010 
.00090 
.00065 
.00100 
.00120 
.00145 
.00160 
.00180 
.00205 
.00215 
.00400 
.00875 
.00920 
.00970 
.01065 
.01160 

JncA. 
0. 

.00010 
.00020 
.00085 
.00085 
.00020 
.00025 
.00015 
.00020 
.00025 
.00010 
.00185 
.00475 
.00045 
.00050 
.00115 
.00065 

Inch. 

0. 

0. 

Inch, 

0. 

0. 

Initial  load. 

ElasUclimit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

1 

General  gummary. 

Tensile  strength  per  square  inch  of  original  section pounds..  96,500 

Elastfto  limit  per  square  inch  of  original  section do...  56,000 

Elongation  per  inch  after  rupture inch..      .206 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00215 

Reduction  in  diameter  at  point  of  rupture do...     .105 

Reduction  in  area  after  rupture,  per  cent  of  original  section S7.1 

Position  of  rupture ''.55  from  neck 

Character  of  broken  surface silky,  trace  of  granulation 

Elongation  of  inch  sections ''.12,«'.29* 
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15-POUNDEB  B.  F.  GUNS. 

Tube. 


No.  7681. 

Marks,  'TtX' 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elongation 
perinch. 

Successive 
elongation 
perinch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Poundt. 
1.000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
42,000 
60,000 
55,000 
56,000 
57,000 
58.000 
59,000 
60,000 
61,000 
98,500 

Inch. 

0. 
.00015 
.00085 
.00070 
.00110 
.00125 
.00145 
.00150 
.00180 
.00200 
.00205 
.00250 
.00306 
.00370 
.00460 
.00625 

Inch. 
0. 
.00015 
.00020 
.00035- 
.00040 
.00015 
.00020 
.00005 
.00030 
.00020 
.00005 
.00045 
.00055 
.00065 
.00080 
.00175 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

ElasUc  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  96, 500 

Elastic  limit  per  square  inch  of  original  section do...  56,000 

Elongation  per  Incn  after  rupture inch. .       .  19 

Elongation  perinch  under  strain  at  elasticlimlt do...  .00205 

Reduction  in  diameter  at  point  of  rupture do. .  -      .  135 

Reductioninareaaftcrrupture,  per  cent  of  original  section 46.2 

Position  of  rupture ".45  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".27*.  'Ml 


16-POUNDER  R.  K.  GUNS. 

Tube. 

No.  7726. 

1iir»«W«    81959  B,F, 

Marks,  bt,m 

Diameter,  ".506. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 
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loads  per 
square 
inch. 

Elongation 
perlnch. 

Successive 
elongation 
perlnch. 

Permanent 
set. 

Successive 

permanent 

set. 

'R^m^ylr^f, 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30.000 
85,000 
40,000 
42,000 
50,000 
51,000 
52,000 
58.000 
54,000 
65,000 
89,400 

Inch. 
0. 
.00010 
.00085 
.00065 
.00105 
.00120 
.00145 
.00150 
.00185 
.01025 
.01110 
.01190 
.01275 
.01875 

Inch. 
0. 

.00010 
.00025 

.00040 
.00015 
.00025 
.00005 
.00085 
.00840 
.00065 
.00080 
.00085 
.00100 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

.00005 

.00005 

.00005 

0. 

Oeneral  tummary. 

Tensile  strength  per  square  inch  of  original  section pounds..  89,400 

Elastic  limit  per  BQuaie  inch  of  original  section do...  50,000 

Elongation  per  inch  after  rupture inch..       .24 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00185 

Reduction  in  diameter  at  point  of  rupture do...      .125 

Reduction  in  area  after  rupture,  per  cent  of  original  section 48.8 

Position  of  rupture ''.B  from  neck 

Character  of  broken  surface fine  silky 

Elongation  of  inch  sections ''.IS, '^.89* 
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15-POUNDEB   B.   F.  GUNS. 

Tube. 


No.  7771. 
Marks,  f?,^5*^» 
Diameter,  ".505. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2".     • 


AppUed 

loaasper 

square 

inch. 

Elonffation 
per  inch. 

Succeasive 
elonxBtion 
perlnch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds, 
1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
42,000 
60,000 
66,000 
67,000 
68,000 
69.000 
60,000 
61.000 
91,100 

IlUih. 

0. 
.00010 
.00040 
.00070 
.00106 
.00186 
.00140 
.00165 
.00190 
.00250 
.00460 
.00650 
.00960 
.01176 

Inch. 
0. 

.00010 
.00030 
.00030 
.00035 
.00080 
.00006 
.00026 
.00026 
.00060 
.00200 

.00800 
.00226 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

ElasUc  limit 
Tensile  strength. 

0. 
0. 

0. 
0. 

General  fuminary. 

Tensile  strength  per  square  inch  of  original  section pounds..  91,100 

Elastic  limit  per  square  inch  of  original  section do ...  56, 000 

Elongation  per  inch  after  rupture inch . .       .24 

Elongation  per  inch  under  strain  at  c'astic  limit do. . .  .  00190 

Reduction  in  diameter  at  point  of  rupture do . . .      .136 

Reduction  in  area  after  rupture,  per  cent  of  original  section 46. 2 

Position  of  rupture 1"  from  neck 

Characterof  broken  surface silky 

Elongation  of  inch  secUona ".85*, 'M8 


16-POUNDEB  B.  F.  GUNS. 

Jacket. 
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No.  7662. 
Murks,  f^^^' 
Diameter,  ".606. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


Inch. 

Elonsation 
perTnch. 

^1^ 

Permanent 
set 

Suoceaiiye 

pennanent 

Bet. 

Bemarka. 

Ptmnd9. 
1,000 
6^000 
10,000 
20.000 
80,000 
40,000 
40,000 
48,000 

Inch. 

0. 

.00016 
.00046 

.00060 
.00100 
.00118 
.00186 

Inch. 

0. 
.00016 
.00080 
.00085 
.00020 
.00018 
.00022 

Inch, 
0. 
0. 

0. 
0. 

Initial  load. 
Teoflile  stzength. 

0. 

0. 

0. 
0. 



Oeneral  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  48,000 

Elongation  per  inch  after  rapture Ineh..     .006 

Reduction  in  diameter  at  point  of  rupture inappreciable 

Reduction  in  area  after  rupture,  per  cent  of  original  section inappreciable 

Position  of  rupture at  the  neck 

Chaiaeter  of  broken  surface granular  45  per  cent,  serrated  66  per  cent,  fractured  at  a  streak  of 

serrated  metal  ".Z  deep. 
Elongation  of  inch  sections ".01,  ».00 

H.  Doc.  521,  58-2 2 
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16-POUNDER   R.  F.  QUNS. 


Jacket. 

No.  7663. 

Marks,  Wt^S" 

Diameter,  ".605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


loads  per 
square 
inch. 

Elcmgatloii 

SuocesBlTO 
elon^tlon 
perlQch. 

Ffermanent 
set. 

peiiDAiient 
set. 

Remarlts. 

1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
46.000 
56,000 
57,000 
5S,000 
59,000 
60,000 
61,000 
B2.000 
92,000 

IneK 
0. 

.00010 
.00035 
.00066 

.00100 
.OOIES 
.00160 
.00200 
.00305 
.0OB95 
.00960 
.01060 

mah, 
0. 
.00010 
.00095 
.00030 
.00035 
.00085 
.00025 
.00040 
.00005 
.00690 
.00065 
oooan 

Inch. 

0. 

0. 

0. 
0. 

laida]  liwL 

* 

ElaBtlc  limit. 
TtJiuIie  stPBUglii. 

'*'o' ' 

0. 

0. 

.01140            .00060 
.01260            .00120 

Oeneral  tummary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  92, 000 

Elastic  limit  per  square  inch  of  original  section do. . .  67,000 

Elongation  per  incn  after  rupture inch..       .22 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00205 

Reduction  in  diameter  at  point  of  rupture do. . .      .125 

Reduction  in  area  after  rupture,  per  cent  of  original  section 4S.  3 

Position  of  rupture I'M  from  neclc 

Character  of  broken  surface silky,  oblique 

Elongation  of  inch  secttons ".29», '^16 


16-POUNDEE  R.  F.  GUNS. 

Jacket. 

No.  7666. 
Marks,  IP^if 
Diameter,  ".505. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 
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ApDlled 

loads  per 

square 

inch. 

Elongation 
perlnch. 

Successive 
elongation 
perlnch. 

Permanent 
set. 

SuccesBive 

permanent 

set. 

Remarks. 

Poundt. 
1,000 
5,000 
10,000 
20,000 
80,000 
40.000 
46,000 
58,000 
50,000 
60,000 
61,000 
62,000 
68,000 
95,100 

Inch. 
0. 

.00016 
.00040 
.00070 
.00105 
.00135 
.00160 
.00210 
.00650 
.00600 
.00900 
.01025 
.01140 

Inch. 
0. 

.00016 
.00026 
.00030 
.00086 
.00030 
.00026 
.00060 
.00840 
.00260 
.00100 
.00125 
.00115 

Inch. 

0. 

0. 

Inch, 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  stren^h. 

0. 
0. 

0. 
0. 

General  gummary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  96, 100 

Elastic  limit  per  square  inch  of  original  section do...  58,000 

Elongation  per  inch  after  rupture inch..      .285 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00210 

Reduction  in  diameter  at  point  of  rupture do. . .      .185 

Reduction  in  area  after  rupture,  per  cent  of  original  section 46. 2 

Position  of  rupture '^85  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".84*  «'.18 
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15-POUIJDEB  R.  F.  OUN8. 

Jacket. 


No.  7671. 
Marks,  "^J 
Diameter,  ".505. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elongation 
perlnch. 

Successiye 
elongation 
perlnch. 

Permanent 
set. 

Suooestlye 

permanent 

set. 

Remarks. 

Poundt, 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
46,000 
47,000 
48,000 
49,000 
60,000 
51,000 
52,000 
90,500 

Inch. 
0. 

.00010 
.00040 
.00075 
.00105 
.00140 
.00170 
.00175 
.00800 
.00545 
.00700 
.00800 
.00690 

Inch. 
0. 

.00010 
.00080 
.00085 
.00080 
.00085 
.00080 
.00006 
.00125 
.00245 
.00155 
.00100 
.00090 

Inch. 

0. 

0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

General  tummary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  90, 600 

Elastic  limit  per  square  inch  of  originiu  section do ...  47, 000 

Elongation  per  inch  after  rupture inch . .       .16 

Elongation  per  inch  under  strain  at  elastic  limit do ...  .  00175 

Reduction  in  diameter  at  point  of  rupture do. . .      .066 

Reduction  in  area  after  rupture,  percent  of  original  section 23. 9 

Position  of  rupture ".7  from  neck. 

Character  of  broken  surface granular  60  per  cent,  silky  40  per  cent,  opened  cracks  in  the  surface 

of  the  stem. 
Elongation  of  inch  sections ".22,*  ."10 


16-pounder  b.  f.  guns. 
Jacket. 
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No.  7691. 

Marks,  "Try' 

Diameter,  ".605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


square 
inch. 

BlongaUon 
per  inch. 

Sucoeesive 
elonsation 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds, 
1.000 
6.000 
10.000 
20.000 
80,000 
40.000 
46,000 
66,000 
69,000 
60,000 
61,000 
62,000 
68.000 
94.100 

Inch. 
0. 

.00010 
.00086 

.00070 
.00106 
.00140 
.00160 
00206 
.01176 
,01210 
.01260 
.01860 
.01475 

Inch. 
0. 

.00010 
.00026 
.00086 
.00085 
.00086 
.00020 
.00045 
.00070 
.00085 
.00040 
.00100 
.00126 

Inch, 

0. 

0. 

Inch, 

0. 

0. 

Initial  load. 

Elastic  limit. 
TenaUe  strength. 

0. 
0. 

0. 
0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  94,100 

Elastic  limit  per  square  inch  of  original  section do...  56,000 

Elongation  per  inch  after  rupture inch..      .256 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00206 

Reduction  in  diameterat  point  of  rupture do...     .186 

Reduction  in  area  after  rupture,  per  cent  of  original  section 46.2 

Position  of  rupture at  the  middle  of  the  stem 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".29»,".28* 
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15-POCJNDEB  B.  F.  GUNS. 

Bbeeghblock. 


No.  7670. 
Marks,  iJ»gBi  ^10 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  Inch. 

Succesaiye 
elongation 
per  Inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Renuurks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
46,000 
60.000 
65,000 
70,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
119,700 

Inch. 
0.      . 
.00015 
.00040 
.00075 
.00105 
.00140 
.00165 
.00210 
.00240 
.00250 
.00270 
.00285 
.00950 
.01085 
.01100 
.01190 

Inch. 
0. 

.00016 
.00025 
.00085 
.00080 
.00035 
.00025 
.00046 
.00060 
.00010 
.00020 
.00016 
.00665 
.00085 
.00065 
.00090 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

General  summary. 

TensUe  strength  per  square  inch  of  original  section pounds..  119, 700 

Elastic  limit  per  square  inch  of  original  section do . . .    75, 000 

Elongation  per  inch  after  rupture inch . .       .205 

Elongation  per  inch  under  strain  at  elastic  limit do...    .00270 

Reduction  in  diameter  at  point  of  rupture do. . .       .115 

Reduction  in  area  after  rupture,  per  cent  of  original  section 40.8 

Position  of  rupture at  the  middle  of  the  stem 

Character  of  broken  surface fine  silky 

Elongation  of  inch  sections ".22*,  ".19» 


15-POUNDEB   E.  F.  GUNS. 


Bbeegh  bushing. 


Marks,  ^fB.F. 

Diameter^  ".505. 
Sectional  area,  .20 
Gauged  length,  2" 


No.  7669. 


square  inch. 


AppUed 

loads  per 

square 

inch. 

Elonntion 
per  Inch. 

Suoceasive 
perlnch. 

Peimaneut 
set. 

Successive 
set. 

Bemarks. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
46.000 
60,000 
61000 
62,000 
68.000 
61,000 
66,000 
104,200 

IndL 
0. 

.00016 
.00040 
.00060 
.00110 
.00146 
.00180 
.00280 
.00926 
.01086 
.01060 
.01160 
.01206 

Inch. 
0. 

.00016 
.00026 
.00040 
.00080 
.00066 
.00066 
.00060 
.00606 
.00110 
.00026 
.OOOBO 
.00066 

Inch, 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

0. 
0. 

0. 
0. 

Tensile  strength. 

Oeneral  mmmary. 

Tensile  strength  per  square  inch  of  original  section pounds..  10 

Elasticlimlt  per  square  inch  of  original  section do...    6 

Elongation  per  inch  after  rupture inch.. 

Elongation  per  inch  under  strain  at  clastic  limit .do...    . 

Reduction  in  diameter  at  point  of  rupture do... 

Reduction  in  area  after  rupture,  per  cent  of  original  section 

Position  of  rupture l"from 

Character  of  broken  surface 

Elongation  of  inch  sections ".16, 


TABULATION  OF  TENSION  SPECIMENS  FROM  IS-POUNDEB  JR.  F,  01 

STEMS  2^  LONG,  ^.606  DIAMETER. 


No.  of 
test 


Position  in  gun. 


Loca- 
tion of 

speci- 
mens. 


Elastic 
limit 
per 

square 
inch. 


Tensile 
strength 

per 
square 
inch. 


Elon- 
t^n. 


Con- 
trac- 
tion of 
area. 


Appearance  of 
iracture. 


RemarkI 


7618 

7681 
7726 
7771 
7662 


7668 
7666 
7671 


7691 
7670 
7669 


Tube. 


....do. 
.....do. 

do. 

Jacket. 


Middle 

...do... 
...do... 
...do... 
...do... 


Pounds. 
66,000 

66,000 
60,000 
66,000 


.do.... 
.do.... 
.do.... 


.do. 
.do. 
.do. 


....do 

Breechblock  .. 
Breech  bushing 


.do... 
.do... 
.do... 


67,000 
68,000 
47,000 


68,000 
76,000 
60,000 


Amnds. 
96,600 

96,600 
89,400 
91,100 
48,000 


92,000 
96,100 
90,600 


94,100 
119,700 
104,200 


Ptrct, 
20.6 

19.0 
24.0 
24.0 
0.6 


22.0 
28.6 
16.0 


26.6 
20.6 
•/2.6 


PitreL 
87.1 

46.2 
48.8 
46.2 

(«) 


48.8 
46.2 
28.9 


46.2 
40.8 
40.8 


Silky,  trace  of 
granulation. 

Silky 

Pine  silky 

Silky 

Granular,  46  per 
cent;  serrated, 
66  per  cent. . 
Fractured  at  a 
streak  of  ser- 
rated metal 
*.8  deep. 

Silky,  oblique... 

Silky 

Granular,  60per 
cent;  silky, 
40  per  cent 
Opened  cracks 
in  the  surface 
of  the  stem. 

Silky 

Flnesilky 

Silky 


Bree  o 
end. 
Do. 
Do. 
Do. 
Do.  ; 


Do, 
Do. 
Do. 


Do, 
Do, 


a  Inappreciable. 


75-MILLIMETER  MOUNTAIN  GUNS. 


BODIES  AND  BREECHBLOCKS. 
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76-millimeteb  mountain  guns. 
Body. 
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No.  7486. 
Marks,  BM 
Diameter,  ".606. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


Applied 

loaoaper 

square 

inch. 

ElonsaUon 
per  inch. 

Successive 
elongation 
perlnch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
86,000 
40,000 
42,000 
49,000 
60,000 
61.000 
62,000 
68,000 
54,000 
66.000 
66,000 
97,660 

IncK 
0. 

.00015 
.00040 
.00065 
.00110 
.00185 
.00145 
.00160 
.00190 
.00200 
.00206 
.00840 
.00400 
.00610 
.00660 
.00675 

Inch, 
0. 

.00015 
.00025 
.00045 
.00025 
.00025 
.00010 
.00006 
.00040 
.00010 
.00006 
.00185 
.00060 
.00110 
.00060 
.00115 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

ElaaUc  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  97, 660 

Elastic  limit  per  square  inch. of  original  section do...  51,000 

Elongation  per  inch  after  rupture inch..       .21 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00206 

Reduction  in  diameter  at  point  of  rupture do...     .105 

Reduction  in  area  after  rupture,  per  cent  of  original  section 87.1 

Position  of  rupture ''.  95  from  neck 

Character  of  broken  muftuce « silky,  trace  of  granulation 

Elongation  of  inch  sections ^^.18,^29* 
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75-MILLIMETEB  MOUNTAIN   aUNS. 

Body. 


No.  7487. 
Marks,  b  i 
Diameter,  ".605. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  Inch. 

Suooesdve 
elongation 
perlnch. 

qet. 

SuccesBive 

permanent 

set. 

Remarks. 

Poundt. 
1,000 
6,000 
10,000 
20,000 
80,000 
86,000 
40,000 
42,000 
60,000 
61,000 
62,000 
68,000 
64,000 
66,000 
66,000 
67,000 
96,200 

Inch. 
0. 

.00010 
.00080 
.00060 
.00096 
.00106 
.00180 
.00140 
.00170 
.00176 
.00180 
.00290 
.00400 
.00500 
.00600 
.00710 

Inch. 
0. 

.00010 
.00020 
.00080 
.00086 
.00010 
.00026 
.00010 
.00080 
.00006 
.00006 
.00110 
.00110 
.00100 
.00100 
.00110 

Inch. 

0. 

0. 

Inch. 
0. 
0. 

InltUl  load. 

Elastic  limit 
Tensile  strength.^ 

0. 

0. 

0. 

0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  96, 2K 

EI&bUc  limit  per  square  inch  of  original  section do...  &4,000 

Elongation  per  inch  after  rupture inch..       .19 

Elongation  perlnch  under  strain  at  elastic  limit do...  .00180 

Reduction  in  diameter  at  point  of  rupture do . . .     .086 

Reduction  in  area  after  rupture,  per  cent  of  original  section 80.7 

Position  of  rupture ".96  from  neck 

Character  of  broken  surface granular  80  per  cent,  silky  lamellar  20  per  cent 

Elongation  of  inch  sections.... .7. ".14,  ".24* 


IS-MIUJMSTEB  XOUirrAUr  QUITS. 

Body. 


M&rkB,  1^ 


No.  7489. 


ixiarikB,  BM 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loaOBper 

sqaare 

inch. 

Elongation 
per  Inch. 

Bucceniye 
elongation 
perinch. 

Permanent 
set. 

SuocesBive 

permanent 

set 

Remarks. 

PoufuU. 
1,000 
5,000 
10,000 
20,000 
80,000 
86,000 
40,000 
42,000 
49,000 
60,000 
61,000 
62,000 
68,000 
64,000 
90,800 

Inch, 
0. 

.00010 
.00080 
.00080 
.00096 
.00116 
.00140 
.00160 
.00170 
.00180 
.00200 
.00406 
.00600 
.00760 

InelL 
0. 

.00010 
.00020 
.00080 
.00086 
.00020 
.00026 
.00010 
.00020 
.00010 
.00020 
.00206 

Inch, 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit 
TensUe  strength. 

0. 

0. 

0. 

0. 

.00196 



.00160 

Qenerai  summary. 

Tensile  strength  per  square  inch  of  original  section pounds . .  90, 800 

Elastic  limit  per  square  inch  of  original  section do...  49,000 

Elongation  per  inch  after  rupture inch..       .28 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00170 

Reduction  in  diameter  at  point  of  rupture do...     .125 

Reduction  in  area  after  rupture,  per  cent  of  original  section 43.8 

Position  of  rupture 1*.  16  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections '.80*,  ^.16 
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75-MILLIMETEB   MOUNTAIN   GUNS. 
Body. 


No.  7546. 

Marks,  b  m  t 

Diameter,  ".506. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elongation 
perinch. 

Successive 
elonsation 
perinch. 

Permanent 
set. 

Succeaslve 

permanent 

set. 

• 
Remarks. 

P(m9ui8. 
1,000 
6,000 
10,000 
20,000 
80,000 
36,000 
40,000 
42,000 
47,000 
48,000 
49,000 
50,000 
61,000 
62,000 
89,060 

Inch. 
0. 

.00010 
.00036 
.00060 
.00100 
.00116 
.00186 
.00146 
.00166 
.00196 
.00410 
.00560 
.00660 
.00766 

Inch, 
0. 

.00010 
.00026 
.00026 
.00040 
.00016 
.00020 
.00010 
.00020 
.00080 
.00215 
.00140 
.00100 
.00116 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 





GenmU  mmmary. 

Tensile  strength  per  square  Inch  of  original  section pounds. .  89, 060 

Elastic  limit  per  sq  uare  i  nch  of  original  section do ...  47, 000 

Elongation  per  inch  after  rupture inch . .      .185 

Elongation  perinch  under  strain  of  elastic  limit do...  .00165 

Reduction  in  diameter  at  point  of  rupture do. . .      .085 

Reduction  in  area  after  rupture,  per  ceut  of  original  section 30. 7 

Position  of  rupture 1".  1 7  from  neclc 

Character  of  broken  surface granular,  7U  per  cent;  »lky,  30  per  cent 

Elongation  of  inch  sectiona ".20*.  ".17 


75-MILLIMETEB  MOUNTAIN  GUNS. 
Body. 
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No.  7547. 

Marks,  bmt 

Diameter,  ".605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

square 
inch. 

ElonntUon 
per  Inch. 

Sncceniye 
elongation 
per  Inch. 

Permanent 

set 

SaccesBive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
42,000 
66,000 
56,000 
57,000 
68.000 
59,000 
60,000 
99,500 

Inch. 
0. 

.00010 
.00065 
.00065 
.00105 
.00115 
.00140 
.00145 
.00210 
.00285 
.00400 
.00490 
.00570 
.00685 

Inch. 
0. 
.00010 
.00025 

.00040 
.00010 
.00026 
.00005 
.00065 
.00025 
.00165 
.00090 
.OOORO 
.00115 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

InitUl.load. 

Elaatic  limit 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  mmmary. 

Tensile  strength  per  square  inch  of  original  section pounds..  99,500 

Elastic  limit  per  Bouare  inch  of  original  section do...  56,000 

Elongation  per  inch  after  rupture inch..      .195 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00210 

Reduction  in  diameter  at  point  of  rupture do...      .105 

Reduction  in  area  after  rupture,  per  cent  of  original  section 37.  l 

Position  of  rupture 1"  from  neck 

Character  of  broken  surface granular,  60  per  cent;  silky,  60  per  cent 

Elongation  of  Inch  sections ^24*,  ^.16 
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75-iaiiLIMETEB  MOUNTAIN  GUNS. 
Body. 


No.  7660. 

Marks,  bS^ 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elonifation 
per  Inch. 

SucceflBiye 
elongation 
perlnch. 

Permanent 
set. 

Successive 

permanent 

set. 

• 
Remarks. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
36,000 
40,000 
42,000 
60,000 
61,000 
62,000 
68,000 
64,000 
66,000 
66,000 
67,000 
68,000 
99,100 

Inch. 
0. 

.00010 
.00080 
.00060 
.00096 
.OOUO 
.00186 
.00146 
.00176 
.00180 
.00190 
.00200 
.00260 
.00370 
.00416 
.00606 
.00640 

Inch. 
0. 

.00010 
.00020 
.00080 
.00086 
.00016 
.00026 
.00010 
.00080 
.00006 
.00010 
.00010 
.00060 
.00120 
.00046 
.00090 
.00186 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  99,100 

Elastic  limit  per  square  inch  of  original  section do. ..  63,000 

Elongation  per  incn  after  rupture inch..      .190 

Elongation  per  inch  under  strain  at  elastic  limit do.. .  .00200 

Reduction  in  diameter  at  point  of  rupture do...     .106 

Reduction  In  area  after  rupture,  per  cent  of  original  section 87.1 

Position  of  rupture l^.M  from  neck 

Character  of  broken  surface silky,  oblique,  trace  of  granulation 

Elongation  of  Inch  sections ".23*,  ".16 


76-MILLIMETEB  MOUNTAIN  GUNS. 
Body. 
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No.  7661. 
Marks, 'If^ 
Diameter,  ".506. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


loads  per 
square 
inch. 

Elongation 
permch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Poundi. 
1,000 
6,000 
10,000 
20,000 
80,000 
35,000 
40,000 
42.000 
66,000 
56,000 
57,000 
58,000 
50,000 
60,000 
08,000 

Inch. 
0. 

.00010 
.00085 
.00060 
.00100 
.00110 
.00186 
.00146 
.00190 
.00800 
.00426 
.00680 
.00666 
.00760 

Inch, 
0. 

.00010 
.00025 
.00026 
.00040 
.00010 
.00025 
.00010 
.00045 
.00110 
.00126 
.00155 
.00065 
.00085 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  9ummary. 

Tensile  strength  per  square  inch  of  original  section pounds..  98,000 

Elastic  limit  per  square  inch  of  original  section do...  66,000 

Elongation  per  inch  after  rupture inch..       .26 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00190 

Reduction  in  diameter  at  point  of  rupture do...      .176 

Reduction  in  area  after  rupture,  per  cent  of  original  section 67.2 

Position  of  rupture ''.76  from  neck 

Character  of  broken  surface flue  silky 

Elongation  of  inch  sections ".HS^t'^.Vl 

H.  Doc.  621,  68-2 3 
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75-liILLIMETEB  MOUNTAIN   GUNS. 


Body. 


Marks,  bmt 

Diameter,  ".605. 

Sectional  area,  .20  square  inch. 

Gauged  lenfrth,  2". 


No.  7668. 


square 
inch. 

ElonntkNi 
per  inch. 

Buccesive 
elongation 
perinch. 

Permanent 
set 

BuooesBiye 

permanent 

set. 

Bamarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
42,000 
60,000 
66,000 
57,000 
66,000 
50,000 
60,000 
61,000 
95,600 

InelL 
0. 

.00015 
.00040 
.00065 
.00105 
.00185 
.00150 
.00160 
.00195 
.00220 
.00240 
.00660 
.00750 
.00940 
.OlOBO 

Inch. 
0. 

.00015 
.00025 
.00045 
.00020 
.00080 
.00015 

■.^ 

.00025 
.00020 
.00610 
.00200 
.00190 
.00110 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

ElasticUmit 
Tensne  strength. 

0. 

0. 

0. 

0. 

General  wmmary. 

Tensile  strength  per  square  inch  of  original  section pounds..  95,500 

Elastic  limit  per  square  inch  of  original  section do...  56,000 

Elongation  per  inch  after  rupture inch..       .20 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00220 

Reduction  in  diameter  at  point  of  rupture do...     .125 

Reduction  in  area  after  rupture,  per  cent  of  original  section 48.8 

Position  of  rupture 1^2fromneclL 

Character  of  broken  surface sil  ky 

Elongation  of  inch  sections *.25*,  ^.15 


75-MILLIMETEB  MOUlfTAIN  OUN8. 
BODT. 
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No.  7667. 

Marks,  BMT 

Diameter,  ".606. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


■qaare 
inch. 

pertoch. 

SaooeiBiye 
elonsation 
permch. 

Permanent 
set. 

BoooeMive 

permanent 

set. 

Remarks. 

Pmmds, 
1,000 
6,000 
10,000 
20,000 
80,000 
86,000 
40,000 
42,000 
50,000 
66,000 
67,000 
66,000 
60,000 
60,000 
61,000 
96,200 

Inch. 
0. 

.00016 
.00040 

.00110 
.00185 
.00160 
.00160 
.00190 
.00820 
.00286 
.00270 
.00700 
.01000 
.01100 

huh. 

.00016 
.00026 
.00040 
.00080 
.00026 
.00016 
.00010 
.00080 
.06810 
.00015 
.00085 
.00480 
.00900 
.00100 

Inch, 
0. 
0. 

Inch, 

0. 

0. 

Initial  load. 

Elaatle  limit 
Tendleitiength. 

0. 

0. 

0. 

0. 

Oemral  iwnmary. 

Tenrile  itwaglh  per  ■qqaro  inch  of  original  Beetion ...^ . 

Elastlo  limit  per  Mnare  inch  of  original  section do...  66,000 

Elongation  per  inch  after  rupture ineh..       .19 

Elongation  per  inch  under  strain  at  elastic  limit do...  .008n 

Reduction  in  diameter  at  point  of  rupture do...     .086 

Reduction  in  area  after  rupture,  per  cent  of  original  section 84 

Position  of  rupture I'^.S  from  neck 

Cbaiaeter  of  broken  surface rilky 

Elongation  of  inch  sections ''.29*,''.16 
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76-MILLIMETER   MOUKTAIN   GUNS. 


Body. 


Marks,  bmt 

Diameter,  ".606. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


No.  7668. 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

SuocesBive 
perinch. 

Permanent 
set. 

Successiye 

permanent 

set. 

Rf^mitr^f 

PowuU. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
42.000 
60,000 
55,000 
56,000 
57,000 
58,000 
50,000 
60,000 
92,600 

Inch. 
0. 

.00010 
.00085 
.00075 
.00105 
.00180 
.00160 
.00165 
.00195 
.00210 
.00285 
.00600 
.00640 
.01000 
.01095 

Inch. 
0. 

.00010 
.00025 
.00040 
.00080 
.00025 
.00020 
.00005 
.00040 
.00015 
.00025  , 
.00865 
.00240 
.00160 

Inch. 

0. 

0. 

Inch. 
0. 
0. 

Initial  load. 

Elaatio  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

Oeneral  mmmary, 

Traflile  strength  per  square  inch  of  original  section pounds..  92,600 

Elastic  limit  per  square  inch  of  original  section do...  55,000 

Elongation  per  inch  after  rupture inch..      .146 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00210 

Reduction  in  diameter  at  point  of  rupture do...      .075 

Reduction  in  area  after  rupture,  per  cent  of  original  section 27.4 

Position  of  rupture ".40  from  neck 

Character  of  broken  surface silky,  irregular  surface 

Elongation  of  inch  sections ".10,  'M9* 


75-MILLIMKTER   MOUNTAIN   GUNS. 

Body. 
No.  7686. 
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Marks,  MT 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

perinch. 

Successive 
elongation 
perinch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pound*. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
42,000 
60,000 
64,000 
65,000 
66,000 
57,000 
68,000 
69,000 
91,600 

Indi. 
0. 

.00020 
00060 
.00095 
.00140 
.00150 
.00165 
.00175 
.00196 
.00215 
.00285 
.00260 
.00450 
.00625 
.00950 

Inch. 
0. 

.00020 
.00080 
.00045 
.00045 
.00010 
.00015 
.00010 
.00020 
.00020 
.00020 
.00015 
.00200 
.00875 
.00125 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit 
Tensile  Btrength. 

.00005 

.00005 

0. 

0. 

. 

Oeneral  summary. 

Tensile  Btrength  per  square  inch  of  original  section pounds..  91,000 

Elastic  limltper  square  inch  of  original  section do...  64,000 

Elongation  perinch  after  rupture inch..      .215 

Elongation  per  inch  under  Btmin  at  elastic  limit do...  .00215 

Reduction  in  diameter  at  point  of  rupture do...     .165 

Reduction  in  area  after  rupture,  per  cent  of  original  section 51.9 

Position  of  rupture *  9  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ''.11,^.82* 
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75-MILLlMETEB  MOUNTAIN  GUNS. 

Body. 


No.  7687. 
Marks,  mt 
Diameter,  ".606. 
Sectional  area,  .20  square  inch. 
Gauged  length,  1". 


loads  per 
square 
inch. 

Elongation 
per  inch. 

Sucoeniye 
perinch. 

Pemanent 
set. 

SuccesBiye 

-"■ST"' 

Remarks. 

Founds. 
1,000 
6,000 
10,000 
20,000 
80,000 
86,000 
40,000 
42,000 
60,000 
61,000 
62,000 
681000 
64,000 
66,000 
66,000 
88.600 

Inch. 

0. 

.0001 
.0002 
.0006 
.0000 
.0011 
.0012 
.0018 
.0018 
.0019 
.0028 
.0068 
.0078 
.0000 
.0107 

Inch. 

0. 

.0001 
.0002 
.0006 
.0009 

.oou 

.0012 
.0018 
.0018 
.0019 
.0028 
.0068 
.0078 
.0090 
.0107 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

EkMtlc  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

Oeneral  tummary. 

Tensile  strength  per  square  inch  of  original  lecilon pounds..  88.500 

Elastic  limit  per  square  inch  of  original  section do...  61,000 

Elongation  per  inch  after  rupture inch..       .23 

Elongation  per  inch  under  8train  at  elasticlimlt ; do...    .0019 

Reduction  in  diameter  at  point  of  rupture do...      .155 

Reduction  in  area  after  rupture,  per  cent  of  oxlginal  section 51.9 

Position  of  rupture 1''.06  from  neck 

Character  of  broken  surface silky 

Elongatioii  of  inch  sections ".14,  ".82* 


75-millimeteb  mountain  guns. 
Body. 
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No-  7688. 
Marks,  mt 
Diameter,  ".505. 
Sectional  area,  .20  square  inch. 
Gauged  length,  T. 


square 
inch. 

Elongation 
par  Inch. 

SucoMBiye 
elongation 
perlnch. 

Pennanent 
■et. 

Snooessiye 
pennanent 

Mt. 

BemarkB. 

PmmdB. 
1.000 
6.000 

40,000 
42,000 
48,000 
60.000 
61,000 
62,000 
68.000 
64,000 
87.600 

JjidL 
0. 

.00020 
.00046 
00096 
.00146 
.00160 
.00176 
.00180 
.00210 
.00260 
.00880 
.00690 
.00800 
.00940 

IwA. 
0. 
.00020 
.00026 
.00060 
.00060 
.00016 
.00016 

.00090 
.00040 
.00180 
.00210 
.00210 
.00140 

Inch, 

0. 

0. 

IwA. 

0. 

0. 

Initial  load. 

Slastic  limit. 
TenaUe  strength. 

0. 

0. 

.00006 

.00006 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  87,600 

Elastic  limit  per  square  inch  of  original  section do...  48,000 

Elongation  per  inch  after  rupture inch..       .24 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00210 

Beduction  in  diameter  at  point  of  rupture do...     .166 

Reduction  in  area  after  rupture,  per  cent  of  original  section 61.9 

Position  of  rupture at  middle  of  stem 

Character  of  broken  surface silky 

Elongation  of  inch  sections ''.SI,  ^^.27* 
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76-mllhmetbb  mountain  guns. 
Body. 


No.  7689. 
Marks,  bt 
Diameter,  ".506. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


Applied 

loadaper 

square 

Inch. 

Elongation 
perinch. 

Successive 
elongation 
perinch. 

Permanent 
set 

Succeniye 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
6,000 
10.000 
20,000 
80,000 
85,000 
40,000 
42,000 
60,000 
62,000 
68,000 
64,000 
65,000 
66,000 
67,000 
88,600 

Inch. 
0. 

.OOOW) 
.00025 
.00060 
.00100 
.00120 
.00150 
.00165 
.00195 
.00205 
.00250 
.00600 
.00900 
.01065 
.01190 

Inch. 
0. 

.00005 
.00020 
.00085 
.00040 
.00020 
.00080 
.00005 
.00040 
.00010 
.00045 
.00850 
.00800 
.00165 
.00125 

Inch. 

0. 

0. 

Inch. 
0. 
0. 

Initial  load. 

ElasUc  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  summary, 

Tenfiile strength  per  square  inch  of  original  section pounds..  88,600 

Elastic  limit  per  square  inch  of  original  section do...  52,000 

Elongation  per  incn  after  rupture inch..       .24 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00205 

Reduction  in  diameter  at  point  of  rupture do...      .135 

Reduction  in  area  after  rupture,  per  cent  of  original  section 46.2 

Position  of  rupture 1".  35  from  neck 

Character  of  broken  surf  ace silky 

Elongation  of  inch  sections ".16,  ".82* 


75^MILLI]iET£R   MOUNTAIN   GUNS. 

Body. 
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Marks^  b  m  t 
Diameter,  ".606. 
Sectional  area,  .20  square 
Gauged  length,  2". 


No.  7724. 


inch. 


Applied 

loads  per 

sqnare 

Tnch. 

perTnch. 

SucceiHive 
elongation 
per  inch. 

Permanent 
set. 

Buccesslve 

permanent 

set 

Remarks. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
35,000 
40,000 
42,000 
60,000 
66  000 
67,000 
68JK)00 
69,000 
00.000 
61,000 
96,100 

Inch. 
0. 

.00010 
.00086 
.00066 
.00100 
.00116 
.00186 
.00145 
.00170 
.00216 
.00285 
.00260 
.00886 
.00410 
.00680 

Inch, 
0. 
.00010 
.00025 
.00060 
.00086 

OOOBO 
.00010 
.00025 
.00045 
.00020 
.00025 
.00075 
.C0075 
.00170 

0. 
0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

Oeneral  summary. 

Tensile  strength  per  square  inch  of  oriffinal  section pounds..  9R,100 

Elastic  limit  per  square  inch  of  original  section do...  66,000 

Elongation  per  inch  after  rupture inch . .       .20 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00215 

Reduction  in  diameter  at  point  of  rupture do...     .065 

Reduction  in  area  after  rupture,  per  cent  of  original  section 80. 7 

Position  of  rupture l**  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ^.18,  *.22» 
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75-MlLLIMETEB  MOUNTAIN   G0N8. 


Marks,  b^t 

Diameter,  ".606. 

Sectional  area,  .20  square  inch. 

Ouaged  length,  2". 


Body. 
No.  7726. 


Applied 
loftdi  per 

p*rTne!i. 

auccesHtve 
elODg&doti 
pcT  inch. 

•*^'              set. 

Remarkn, 

1,000 
5,000 
10.000 
20,000 
30,000 
3fi,000 
40,000 
42,000 
60,000 
60,000 
09,000 
70,000 
71,000 
73,000 
93,000 
74,000 
100,900 

IndL 
0. 
.00010 
.00086 

.00066 

.00100 
.0011& 
.00136 
.00146 
.00176 
.00(210 
.OCEEGO 
.00070 
,00900 
.00400 

.ooeoo 

.OOMO 

htdL 
0. 
.00010 
.00026 
.00080 
.00086 
.00015 

.ooow 

.00010 
.00030 

.aD(»6 

.00040 
.OOOQO 
.00030 
.00100 
.00900 
.00960 

Imek. 
D. 

Inttiftlloul 

Elutic^  lliult. 

Q. 

^ 

0. 

0. 

* 

:::::::::: 

....*.*.**. 

General  summary, 

Texiflile  strength  per  aqnaro  inch  of  original  section poonds..  102,900 

Elastic  limit  per  square  inch  of  original  section do...    09,000 

Ekmgation  per  inch  after  rapture inch..        .22 

Elongation  per  inch  under  strain  at  elastic  limit do...    .00260 

Reduction  in  diameter  at  point  of  rapture do...       .125 

Reduction  in  area  after  rupture,  per  cent  of  original  section 48.8 

Position  of  rapture at  middle  of  stem 

Ohancter  of  brokm  surface.... silky 

Elongation  of  inch  sections M6,^.28* 


75-MILLIMBTEB  MOUNTAIN  QUN8. 
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Marks,  iS 


Breechblock. 

No.  7488. 


Diameter,  ".605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


.»2r 
square 
inch. 

Eloncation 
per  mch. 

SncceflBiye 

elongation 

per  inch. 

Permanent 

set. 

Successiye 

permanent 

set. 

Remarks. 

Pminda. 
1,000 
6.000 
10,000 
20,000 
80.000 
40.000 
46.000 
50.000 
51,000 
62,000 
68,000 
64,000 
66,000 
66,000 
67,000 
98,000 

Inch, 
0. 

.00015 
.00040 
.00085 
.00106 
.00146 
.00166 
.00190 
.00196 
.00200 
.00480 
.00660 
.00646 
.00760 
.00666 

Inch. 
0. 

.00016 
.00026 
.00046 
.00020 
.00040 

00020 
.00026 
.00006 
.00006 
.00280 
.00070 

00096 
.00106 
.00116 

Inch, 
0. 
0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit 
l^naQestrengtlL 

0. 
.00006 

0. 
.00006 

, 

Oeneral  mmmary. 

Tensile  strength  per  square  inch  of  original  section poondi..  91,000 

Elastic  limit  per  sqiiare  inch  of  original  section do...  62,000 

Elongation  per  inch  after  rupture inch..     .285 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00200 

Reduction  in  diameter  at  point  of  rupture do...     .126 

Reduction  in  area  after  rupture,  per  cent  of  orignal  section 48.8 

Position  of  mpture TMl  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".29*,  ".18 

TABULATION  OF  TENSION  SPECIMENS  FROM  76'MILLIMETER  MOUN- 
TAIN GUNS. 
STEMS  T  LONG,  ''.606  DIAHBTXR. 


No.  of 
test 

Position 
in  gun. 

Location 

of  sped- 

mens. 

Elastic 
limit 
per 

square 
inch. 

Tensile 
strength 

per 
square 
inch. 

Slon- 

Con- 
trao- 
tlon 
of 
area. 

Appearance  of  fmo- 
tnie. 

RemaHa. 

7486 
7487 

7489 
7546 

7647 

7660 

7861 
7666 
7867 
7868 

7686 
7687 
7688 
7889 
7724 
7725 
7488 

Body.... 
....do.... 

....do.... 
....do.... 

....do.... 

....do.... 
....do.... 

Middle . 
Indde.. 

Middle . 
....do... 

....do... 

AMmdf. 
61,000 

62,000 

49,000 
47,000 

66,000 

68,000 

66,000 

66.000 
66,000 
66,000 

54,000 

61.000 

66.000 
69.000 
62,000 

Pmtndt. 
97,660 

96,200 

90,800 
89,060 

99.600 

99,100 

98,000 
96,800 
96,200 
92,600 

91,600 
88,600 
87,600 
88.600 
98,100 
102,900 
98,000 

PercL 
21.0 

19.0 

28.0 
18.6 

19.5 

19.0 

25.0 
20.0 
19.0 
14.5 

21.5 
28.0 
210 
24.0 
20.0 
22.0 

PercL 
87.1 

80.7 

48.8 
80.7 

87.1 

87.1 

67.2 
48.8 
84.0 
27.4 

61.9 
6L9 
51.9 
46.2 
80.7 

45L  ft 

Silky,  trace  of  giann- 

Granular,  80  per 
cent;  silky  lamel- 
lar, 20  per  cent 

Silky. 

Granular,  70  per 
cent;  silky,  80  per 
cent 

Granular,  80  per 
oent;snky,60per 

SiSk?.'obUaue,tr»oe 

of  gianuIatlOD. 
Finersilky 

Do. 

s?- 

Do. 
Do. 

Do. 

Do. 

g?- 
Do. 

Do. 

MoBleend. 

Do. 

Breech  end. 

Do. 

Do. 

....do.... 
....do.... 

Middle . 
....do... 

Sky...?:.           . 

.?!:.4o::::.:::::::::: 

BOky,  inegnlar  sor^ 

fkoe. 
Silky 

....do.... 
....do.... 

....do... 

....do.... 

.!7..do:::::::;::::::: 

....do;::: 

do 

....do.... 

do 

....do.... 
....do.... 

Middle . 
....do... 

:::::do::::::::::::::: 

do 

do 

Breech- 
block. 

28.5      4.SH 
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75-MILLIMETER   MOUNTAIN   GUNS. 


76-MILLIMETER  MOUNTAIN  GUNS-BODIES, 

SPECIMENS  FROM  BREECH  ENDS. 


Mark 

on 
speci- 
men. 


1* 
2 

3* 

SB 
SC 
4 
5A 
50 
IX 
2X 
4X 
6X 


Diam- 
eter. 


iTiCh. 

.506 
.499 

.505 

.505 
.605 
.564 
.564 
.505 
.506 
.505 
.505 
.505 


Sec- 
tional 
area. 


t.in, 

.20 

.196 

.20 

.20 
.20 
.25 
.26 
.20 
.20 
.20 
.20 
.20 


Elastic 

limit  per 

square 

inch. 


Founds. 
60.000 
64,290 

62,000 

60,600 
58,000 
66,800 
60,400 
61,000 
68,500 
69,000 
57,500 
59,800 


Tensile 
strength 

per 
square 
inch. 


Pounds. 
102,600 
106,160 

107,000 

102,600 
96,600 
94,820 
102,080 
106,500 
105.400 
93,900 
97.000 
101,000 


Elon- 
gation 

in  2 
inches. 


Per  a. 
18.5 
18.0 

19.5 

20.0 
22.0 
19.6 
22.0 
18.0 
16.0 
21.0 
28. 5 
24.0 


Con- 
trac- 
tion of 
area. 


Perd. 
37.1 
85.7 

34.0 

43.8 
46.2 
86.4 
86.4 
87.1 
34.0 
48. 8 
49.1 
46.2 


Appearance  of  frac- 
ture. 


Fine  silky 

Silky,  trace  of  granu- 
lation. 

Silky,  in  part  granu- 
lar. 

Fine  silky 

do 

Silky 

do 

do 

do 

do 

do 

do 


Elongation 
of  inch  sec- 
tions. 


.28*,  .09 

.26»,  .10 

.26*,  .13 

.80*,  .10# 

.83*.  .11 

.10,  .29* 

.80*,  .14 

.09,  .27* 

.24*,  .08 

.19,  .23* 

.18,  .34* 

.88*.  .15 


SPECIMENS  FROM  MUZZLE  ENDS. 


1 

.506 

.20 

57,600 

97,100 

22.5 

87.1 

Silkv 

.81*, 

.14 

lA- 

.605 

.20 

61,600 

100,800 

21.5 

37.1 

....ao 

.28*, 

.15 

2 

.606 

.20 

64,800 

104.900 

19.6 

37.1 

....do 

.16, 

.24* 

2A 

.606 

.20 

64,500 

103,800 

22.0 

40.8 

....do 

.29*, 

.15 

8 

.606 

.20 

53.000 

87,600 

21.0 

40.3 

....do 

.82*. 

.10 

8A 

.606 

.20 

60.000 

87,900 

26.0 

87.1 

....do 

.27*, 

.26* 

4 

.606 

.20 

52,600 

89,000 

22.0 

43.3 

....do 

.12, 

.32* 

4A 

.605 

.20 

62,600 

87,000 

27.6 

46.2 

....do 

.38*, 

.17 

5 

.606 

.20 

69.500 

94,200 

22.6 

43.3 

....do 

.12, 

.33* 

5A 

.605 

.20 

56,000 

93,600 

24.0 

43.8 

....do 

.15. 

.33* 

6 

.505 

.20 

67,600 

108,500 

19.6 

87.1 

....do 

.11, 

.2»* 

6A 

.605 

.20 

66.000 

107,000 

18.0 

34.0 

....do 

.25*. 

.11 

7 

.506 

.20 

62.600 

99,500 

22.0 

40.8 

....do 

.30*, 

.18 

7A 

.606 

.20 

62,000 

101,600 

21.0 

40.8 

....do 

.13, 

.29* 

8 

.506 

.20 

63,500 

104,000 

18.6 

84.0 

....do 

.26*. 

.12 

8A 

.605 

.20 

61,000 

102,000 

16.6 

34.0 

....do 

.24*, 

.07 

75-MILLIMETER  MOUNTAIN  OUNS— BREECHBLOCKS. 


Mark 
on 
speci- 
men. 


Diame- 
ter. 


6 

6 
9 

10 


Inch. 
.505 


.505 
.606 


.503 
.606 
.605 

.606 


Sec- 
tional 
area. 


Sq.in. 
.20 
.20 

.20 
.20 


.20 
.20 
.20 


.20 


Elastic 

limit  per 

square 

inch. 


Pounds. 

88,000 

89,000 
83,000 


88,000 
83,600 
90,000 

76,000 


Tensile 
strength 

per 
square 
inch. 


Elonga- 
tion in 
1  inch. 


Pounds. 

124.000 

138,000 

136,600 
180,600 


128,600 
129,000 
137,000 

126,200 


Perd. 
25.0 
23.0 

22.0 
25.0 


23.0 
22.0 
22.0 

24.0 


Con- 
trac- 
tion of 
area. 


Appearance  of  fracture. 


Perct. 
40.3 
40.3 

34.0 
40.3 


40.3 
40.8 
37.1 

37.1 


Fine  silky 

Fine  granular,  silky 
center. 

Granular,  silky  center. 

Silky,  interspersed 
with  fine  granula- 
tion. 

n.- 


Fine  granular,  silky 

center. 
Granular,  silky  center. 


Elongation 
of  Inch 
sections. 


.26 
.28 


.22 
.25 


.28 
.22 
.22 

.24 


3-INCH  R.  F.  GUNS. 


SPECIMENS  FROM  TUBES,  JACKETS,  BREECHBLOCKS, 
HOOPS,  AND  CARRIER  BLOCKS. 
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3-IKOH  B.  F.  aUNS. 
TCBB. 

No.  7621. 

Marks,  iTi?!'' 

Diameter,  ".605. 

Sectional  area,  .20  square  inch. 

Gau|^  length,  2". 
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square 
inch. 

perTnch. 

8ucc€i8iye 
elonntioD 
perlnch. 

Permanent 

set 

Buocenive 

Bemarkt. 

1,000 
6,000 
10,000 

42,000 
61000 
62.000 
68,000 
54,000 
66,000 

67,000 
87,660 

Inch. 
0. 

.00016 
.00066 

.00076 
.00106 
.00120 
.00146 
.00160 
.00186 
.00190 
.01716 
.01816 
.01920 
.02040 
.02200 

IndL 
0. 

.00016 
.00020 
.00040 
.00080 
.00015 
.00026 
.00006 
.00086 
.00006 
.01636 
.00100 
.00106 
.00120 
.00160 

0. 
0. 

Inch, 

0. 

0. 

Initial  load. 

Elaatio  limit 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  nanmary. 

Tensile  strength  per  square  inch  of  original  section pounds..  87,860 

Elastic  limit  per  square  inch  of  original  section do...  62,000 

Elongation  per  inch  after  rupture inch..     .246 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00190 

Reduction  in  diameter  at  point  of  rupture do...      .Iff 

Reduction  in  area  after  rupture,  per  cent  of  original  section 46.2 

Fodtion  of  rupture ^^.86  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ^81^, ''.16 
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3-INOH  B.  F.  GUNS. 
TimB. 


Marks,  !l'?,f-'' 


No.  7759. 


^Attiu^a,  MT,I 

Diameter,  ".506. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

Inch. 

£lonfatlon 
perinch. 

Successive 
elongation 
perinch. 

Permanent 
set. 

Successive 

permanent 

set. 

Inch, 

0. 

0. 

Remarks. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
90.000 
40,000 
46.000 
60,000 
66,000 
60,000 
66,000 
70,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
110,200 

Inch. 
0. 

.00010 
.00080 
.00060 
.00100 
.00140 
.00155 
.00165 
.00185 
.00200 
.00216 
.00240 
.00260 
.00295 
.00660 
.00796 
.00976 
.01200 

Inch. 
0. 

.00010 
.00020 
.00080 
.00040 
.00040 
.00016 
.00010 
.00020 
.00016 
.00015 
.00026 
.00020 
.0UOS6 
.00256 
.00245 
.00180 
.00226 

Inch. 

0. 

0. 

Initial  load. 

EJasUc  limit. 
Tensile  strength. 

t 

0. 
0. 

Oeneral  tummary. 

Tenrile  strength  per  square  inch  of  original  section ...pounds..  110,200 

Elastic  limit  per  square  Inch  of  original  section , « do...    ,76,000 

Elongation  per  incn  after  rupture , inch 16 

Elongation  per  inch  under  strain  at  clastic  limit do. . .    .  00260 

Reduction  in  diameter  at  point  of  rupture .do. . .       .  076 

Reduction  in  area  after  rupture,  per  cent  of  original  section 27. 4 

Position  of  rupture ".96  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".28*,  ".09 


3-INCH   R.  F.  GUNS. 

Tube. 

No.  7760. 

Marks,  ^^S^ 

Diameter,  ".605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 
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loads  per 
square 
inch. 

Blongation 
per  inch. 

Permanent 
set. 

Succeesive 

permanent 

set. 

1 
Bemarks. 

1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
46,000 

60,000 

71,000 
72,000  , 
78,000 
74,000 
110,200 

Inch. 
0. 
.00016 
.00046 
.00070 
.00106 
.00140 
.00160 
.00206 
.00280 
.00280 
.00886 
.004SO 
.00610 
.00726 

Inch. 

0. 

.00016 
.00090 
.00026 
.00086 
.00086 
00020 
.00046 
.00046 
.00080 
.00066 
.00116 
.00160 
.00116 

Inch, 

0. 

0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

0. 
0. 

t 

Gemnil  summary. 

Tensile  strength  per  square  inch  of  original  section lH)unds..  110,200 

Elastic  limit  per  square  inch  of  original  section do. . .    68, 000 

Elongation  per  inch  after  rupture inch..        .21 

Elongation  per  inch  under  strain  at  elastic  limit do...    .00250 

Reduction  in  diameter  at  point  of  rupture do...       .145 

Seduction  in  area  after  rapture,  per  cent  of  origina  1  section 49. 1 

Position  of  rupture ".9  from  neck 

Character  of  broken  surface Ihic  silky,  cup  shaped 

Elongation  of  inch  sections *.82*,  ^10 

H.  Doc.  621,  58-2 i 


I 
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3-INCH   R.  F.  GUNS. 

Jacket. 


No.  7622. 


Marks,  f^S" 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


loads  per 
square 
inch. 

Elongation 
per  inch. 

Successive 
elongation 
perinch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40.000 
46,000 
59,000 
60,000 
61.000 
62,000 
6S,000 
64.000 
65,000 
102,000 

Inch. 
0. 

.00010 
.00065 

.00070 
.00105 
.00145 
.00160 
.00205 
.00450 
.00700 
.00850 
.00980 
.01015 
.01070 

Inch. 
0. 

.00010 
.00025 
.00085 
.00085 
.00040 
.00015 
.00045 
.00245 
.00250 
.00160 
.00080 
.00085 
.00055 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 
Tensile  strength. 

0. 
0. 

6. 
0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  102,000 

Elastic  limit  per  square  inch  of  original  section do...    59,000 

Elongation  i)er  inch  after  rupture inch..         .19 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .00205 

Reduction  in  diameter  at  point  of  rupture do...       .095 

Reduction  in  area  after  rupture,  per  cent  of  original  section 84 

Position  of  rupture ".95  from  neck 

Character  of  broken  surface... granular  60  per  cent,  silky  50  percent,  opened  cracks  in  surface  of  stem 
Elongation  of  inch  secUons 'M8,  ".25* 


3-INCH  B.  V.  GUNS. 

Jacket. 
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No.  7770. 
Marks,  bt,m 
Diameter,  ".505. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

SuocessiYe 
elongation 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
46,000 
60,000 
68,000 
69,000 
70,000 
71,000 
72,000 
78,000 
100,600 

Inch, 
0. 

.00010 
.00040 
.00075 
.00105 
.00140 
.00160 
.00206 
.00240 
.00266 

Inch. 
0. 

.00010 
.00060 
.00085 
.00060 
.00085 
.00020 
.00045 
.00085 
.00025 

TfiCh, 

0. 

0. 

Inch, 

0. 

0. 

Initial  load. 

6. 
0. 

6. 
0. 

Elastic  limit. 

i 

.00900            .OQfiSb 

1 

.01000 
.01075 
.01190 

.00100 
.00075 
.00115 

1 

1 

1 

Tensile  strength. 

1 

(ieneral  summary. 

Tensile  strength  per  square  inch  of  original  section pounds.. 

Elastic  limit  per  square  inch  of  original  section do. . . 

Elongation  per  incn  after  rupture inch.. 

Elongation  per  inch  under  strain  at  elastlclimit do... 

Reduction  in  diameter  at  point  of  rupture do... 

Reduction  in  area  after  rupture,  per  cent  of  original  section, 


100,500 

68.000 

.07 

.00240 

.025 

. ^ 9.5 

Position  of  rupture at  the  neck 

Character  of  oroken  surface dull  gray,  amorphous  60  percent,  granular  4U  per  cent; 

opened  cracks  in  surface  of  stem. 
Elongation  of  inch  sections ''.09*,  ".05 
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3-inch  r.  f.  oun8. 
Breeghblogk. 


No.  767T. 
Marks,  ¥11?  ^"^^ 
Diameter,  ".606. 
Sectional  area,  .20  square  inch. 
Gauged  lengthy  2". 


loads  per 
sqiiAie 
inch. 

Elongation 
permch. 

• 

Sucoeesive 
elongation 
per  inch. 

Permanent 
set. 

Successive 
set. 

Bemarks. 

Poundt. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
46,000 
60,000 
65,000 
70,000 
80,000 
82,000 

88,000 

84,000 
85,000 
86,000 
87,000 
128,900 

Inch, 
0. 

.00010 
.00085 
.00065 
.00105 
.00125 
.00145 
.00160 
.00210 
.00285 
.00255 
.00295 
.00800 
/      .00610 

^       SSS 

.00000 

.00890 
.00960 
.01025 

Inch. 
0. 

.00010 
.00025 
.00000 
.00040 
.00020 
.00020 
.00015 
.00060 
.00025 
.00090 
.00040 
.00005 
.00010 
.00245 
.00245 
.00090 
.00070 
.00065 

Inch, 

0. 

0. 

Inch, 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

General  summary. 

Tensile  strength  per  sqare  inch  of  original  section pounds. .  128, 900 

Elastic  limit  per  square  inch  of  original  section do...    82,000 

Elongation  per  inch  after  rupture inch..       .165 

Elongation  per  inch  under  strain  at  elastic  limit do...    .00600 

Reduction  in  diameter  at  point  of  rupture do...       .125 

Reduction  in  area  after  rupture,  per  cent  of  original  f<e(;tioii 48.3 

Position  of  rupture ".7  from  neck 

Character  of  broken  surface idlky,  cup-shaped 

Elongation  of  inch  sections ".08,  ".25* 


3-INOH   R.   F.  GtTN8. 
BREEGHBIiOCK. 
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No.  7747. 

Marks,  ^•^fS/* 

Diameter,  ".605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


AppHcMl 

loads  per 

square 

inch. 

Elonmtfon 
per  inch. 

Successive 
elongation 
perlnch. 

Permanent 

set. 

Snecessiye 

ficrmanent 

set. 

Remarks. 

PMtnds, 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
46,000 
60,000 
70,000 
75.000 
76,000 
77,000 
78,000 
79.000 
80,000 
81,000 
121,000 

Inch. 
0. 

.00010 
.00045 
.00070 
.00095 
.00120 
.00145 
.00195 
.00285 
.00260 
.00255 
.00845 
.00895 
.00540 
.00680 
.00660 

Jneh, 
0. 

.00010 
.00065 
.00025 
.00025 
.00025 
.00025 
.00060 
.00040 
.00015 
.00005 
.00090 

.00145 
.00090 

.00060 

Inch. 

0. 

0. 

Inch, 

0. 

0. 

Initial  load. 

Elastlo  limit 
Tensile  strength. 

0. 
0. 

0. 
0. 

General  mmmary. 

Tensile  strength  per  square  inch  of  original  section pounds..  121,000 

Elastic  limit  per  square  inch  of  original  section do...    76,000 

Elongation  per  Im-h  after  rupture Inch..       .166 

Elongation  per  inch  under  strain  at  elastic  limit do...    .00266 

Reduction  in  diameter  at  point  of  rupture do...       .105 

Reduction  in  area  after  rupture,  per  cent  of  original  section 87.1 

Position  of  rupture ".86  from  neck 

Character  of  broken  surface fine  silky 

Elongation  of  inch  lectloDS ".28^,  "M 
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1IT».U.»    85786  Bi  Pi 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


3-INCH  R.  r.  GUN8. 

Locking  Hoop. 
No.  7727. 


Applied 

loads  per 

square 

Inch. 

EloDffation 
perinch. 

SuocesalTe 
elonsation 
perinch. 

Permanent 
set. 

SuccessiTe 

permanent 

set 

Bemarks. 

Poundt. 
1,000 
5,000 
10,000 
20,000 
80,000 
40.000 
15,000 
60,000 
60,000 
70,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70.000 
95,000 

Inch. 
0. 

.00005 
.00080 
.00060 
.00095 
.00180 
.00145 
.00170 
.00195 
.00240 
.00800 
.01445 
.01585 
.01680 
.01885 
.02000 
.02145 

Inch. 
0. 

.00005 
.00025 
.00080 
.00085 
.00065 
.00015 
.00025 
.00025 
.00045 
.00060 
.01145 
.00090 
.00145 
.00155 
.00165 
.00145 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit 
T/iad  felt. 

Tensile  strength. 

0. 
0. 

0. 
0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  95,000 

Elastic  limit  per  square  inch  of  original  section do...  70,000 

Elongation  per  Incn  after  rupture inch..       .25 

Elongation  perinch  under  strain  at  elastic  limit do...  .00240 

Reduction  in  diameter  at  point  of  rupture do...     .145 

Reduction  in  area  after  rupture,  per  cent  of  original  section 49.1 

Position  of  rupture at  middle  of  stem 

Character  of  broken  surface silky 

Eloncation  of  inch  sections ".22,  ".28* 


3-INCH   R.   r.  GUNS. 


55 


Locking  King. 
No.  7690. 

Ti>r««W..    26118  BiP, 

Marks,  BTjiT 

Diameter,  ".605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

flqoare 

inch. 

Founds. 
1.000 
5,000 
10,000 
20.000 
30,000 
40,000 
45,000 
60,000 
60,000 
65,000 
66,000 
67.000 
68,000 
09,000 
70.000 

105,500 

Elonntion 
perinch. 

Successive 

p«'-'-'^"S?.;i 

Remarks. 

Inch. 
0. 

.00010 
.00040 
.00060 
.00110 
.00160 
.00170 
.00190 
.00280 
.00265 
.00600 
.00490 
.00690 
.00745 
.00660 

Inch. 
0. 

.00010 
.00060 
.00040 
.00060 
.00040 
.00020 
.00020 
.00040 
.00025 
.00045 
.00190 
.00100 
.00155 
.00106 

Inch.             Inch. 
0.                  0. 
0.                  0. 

IniUal  load. 

ElasUc  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

:::;:::::::::::::::::::: 

1 

(ietteral  gummarif. 

Tensile  strength  per  aqoare  inch  of  orlcinal  section pounds..  105,600 

Elastio  limit  persquare  inch  of  original  section do...    65,000 

Elongation  per  inch  after  rupture inch..        .21 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00255 

Reduction  in  diameter  at  point  of  rupture do...       .145 

Reduction  in  area  after  rupture,  per  cent  of  original  section 49.1 

Position  of  rupture ".T.Sfrom  neck 

Character  of  broken  surface silky,  cup-shaped  ends 

Elongation  of  inch  sections ''.81«  ^.11 


56  3-INCH   R.   F.  GCNB. 

TABULATION  OF  TENSION  SPECIMENS  FROM  S-INCH  R,  F.  GUNS. 

STEMS  2"  LONG.  ".605  DIAMETER 


No.  of 
test. 

Position  in 
gun. 

Location 
of  spec- 
imens. 

Elastic 
limit 
per 
square 
Tnch. 

Tensile 
strength 

per 
square 
inch. 

Elon- 
gation. 

con- 
trac- 
tion 
of 
area. 

Appearance  of 
rmcture. 

Remarks. 

7C21 
7759 
7760 

7622 
7770 

7677 

7747 
7727 
7690 

Tuhe 

do 

do 

Jacket 

Middle . 
Inside.. 
Middle . 

....do... 

Pounds. 
52,000 
75,000 
69,000 

59,000 
68.000 

82,000 

76,000 
70,000 
65,000 

Pounds. 
87,  KO 
110,200 
110,200 

102,000 
100,500 

128,900 

121,000 
05,000 
106,500 

Per.d. 
24.5 
16.0 
21.0 

19.0 
7.0 

16.5 

15.5 
26.0 
21.0 

Per.d. 
46.2 
27.4 
49.1 

34.0 
9.6 

43.8 

87.1 
49.1 
49.1 

Silky 

Breech  end. 
Muzzle  end. 
Breech  end. 

Do. 
Do. 

Do. 
Do. 

.?...ao::::.::::: 

Pine  silky,  cup- 

Qranular,50per 
cent;  silky, 
60  per  cent. 
Opened  cracks 
in  surface  of 
stem. 

Dullgray,amor- 
phous,  60  per 
cent;  granu- 
lar, 40  per 
cent.  Opened 
cracks  in  sur- 
face of  stem. 

Silky,  cup- 
shaped. 

PlnesiSty 

Silkv 

do 

Breechblock. 
do 

....do... 

....do... 
....do... 

Locking  hoop 
Locking  ring. 

....do... 
....do... 

Silky,     cup- 
shaped. 

CHEMICAL  ANALYSIS. 


No.  of 
test. 

Description. 

Carbon. 

Manga- 
nese. 

Silicon. 

s-ip---  p&. 

7747 

Breechblock 

.63 

.97 

.35 

.020            .024 

S-INCH  R.  F.  GUNS. 

CARRIER  BLOCKS. 


Mark 

on 
speci- 
men. 

Diame- 
ter. 

Sec- 
tional 
area. 

Elastic 

limit  per 

square 

inch. 

Tenaile 
strength 

per 
square 
inch. 

Elon- 
gation 
in  2 
inches. 

Con- 
trac- 
tion of 
area. 

Appearance  of  frac- 
ture. 

Elongation 
of  inch 
sections. 

1 

2 
3 

I 
'2 
1 
2 
3 
4 

Inch. 
.505 

.505 
.505 
.605 
.506 
.506 
.505 
.505 
.506 

.Sq.  in. 
.20 

.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

Pounds. 
63,500 

60,500 
61,600 
62,500 
59,500 
63,000 
67,000 
66,500 
64,500 

Pounds. 
101,000 

96,600 
99,000 
100,500 
99,600 
107,600 
106,000 
107,500 
109,000 

23.0 
26.6 

Perct. 
54.6 

699 

Pine  granular,  silky 

center. 
do 

.32*,   .14 

.87*.   .16 
.34*,  .14 
.12,     .34* 
.36*,   .14 

24.0        57.2 
28.0        57.2 
24.5        57.2 

do 

Fine  silky 

do 

21.0        49.1 
22.5        54.6 
20.5        61.9 
21.0        61-9 

do 

do 

do 

do 

.31*,  .11 
.34*,   .10 
.83*,   .08 
.83*,  .09 

' 

5-INCH  R.  F.  GUNS. 


SPECIMENS  FROM  TUBES,  JACKETS,  HOOPS,  BREECH- 
BLOCK, SPINDLES,  AND  GAS  CHECKS. 
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6-INCH   R.  F.   GUNS. 

Tube. 

No.  7664. 
Marks,  f^a 
Diameter,  ".505. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 
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Applied 

lotubper 

square 

inch. 

Elongation 
per  inch. 

SuccessiTe 
elongation 
per  Inch. 

Permanent 
set 

SacceesiTe 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10.000 
20,000 
80.000 
35,000 
40,000 
42,000 
47.000 
48.000 
49,000 
50,000 
51,000 
52,000 
58,000 
86,600 

Inch. 
0. 

.00010 
.00040 
.00075 
.00110 
.00185 
.00150 
.00165 
.00175 
.00185 
.00260 
.00775 
.00900 
.00965 
.01060 

Iwh. 
0. 

.00010 
.00080 

.onna*) 

.00085 
.00025 
.00015 
.00005 
.00020 
.00010 
.00065 
.00525 
.00125 
.00065 
.00085 

Inch. 

0. 

0. 

Inch. 
0. 
0. 

Initial  load. 

ElasUclimit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  86,600 

Elastic  limit  per  square  inch  of  original  section do...  48,000 

Elongation  per  inch  after  rupture inch..     .235 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00185 

Reduction  In  diameter  at  point  of  rupture do...      .096 

Reduction  in  area  after  rupture,  per  cent  of  original  section 84 

Pofiition  of  rupture ".60  from  neck 

Character  of  broken  surface silky,  oblique 

Elongation  of  inch  sections ''.85*,  ''.10 
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6-raCH   R.  F.  GUNS. 

Tube. 


No.  7678. 

Marks,  g^Jif 

Diameter,  ".506. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loaas  per 

square 

inch. 

Elongation 
per  inch. 

Successive 
perlnch. 

Permanent 
set. 

Sucoessivc 

permanent 

set. 

Remarks. 

POUTldS. 

1,000 
5,000 
10,000 
20,000 
80.000 
85,000 
40,000 
42,000 
60,000 
51,000 
62,000 
53,000 
54.000 
55,00U 
88.500 

Inch, 

0. 

.00010 
.00086 
.00065 
.00100 
.00115 
.00180 
.00186 
.00155 
.00185 
.00400 
.00585 
.00660 
.00640 

Inch. 

0. 
.00010 
.00025 
.00030 
.00085 
.00015 
.00015 
.00005 
.00020 
.00080 
.00215 
.00135 
.00125 
.00180 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit 
Tensile  stren^. 

0. 

0. 

0. 

0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  88,500 

Elastic  limit  per  square  inch  of  original  section do. ..  50, 000 

Elongation  per  incn  after  rupture Inch..      .245 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00ir>5 

Reduction  in  diameter  at  point  of  rupture 115 

Reduction  in  area  after  rupture,  per  cent  of  original  8e(>tion 40. 8 

Position  of  rupture 1«'.22  from  nock 

Character  of  broken  surface silkjr.  oblique 

Elongation  of  inch  sections ".20,  ".29* 


6-INOH   R.  F.  GUNS. 

Jacket. 

No.  7619. 

Marks/s'^tSr 

Diameter,  ".565. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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AppUed 

loads  per 

square 

inch. 

Elongation 
per  inch. 

SuoceesiTe 
elongation 
per  inch. 

i>o*n..«<^«ifl  Succe«ive 

PermanentI  pennaneni ;                      Remarks. 
^^'       !       set.       1 

Pound$. 
1,000 
5.000 
10,000 
20,000 
80,000 
40,000 
46,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
100,480 

Inch. 
0. 
.000188 
.000888 
.000700 
.001067 
.001488 
.001667 
.001900 
.001988 
.002667 
.008888 
.006667 
.007488 
.008500 

Inch. 
0. 

.000188 
.000200 
.000867 
.000667 
.000666 
.000284 
.000288 
,000088 
.000784 
.001166 
.002884 
.000766 
.001067 

1 
Inch.            Inch. 
0.                  0. 
0.                  0. 

Initial  load. 

ElasUe  limit. 
Tensile  strength. 

0.              !    0. 
0.              1    0. 

1 

1 

1 

1 

(retieral  summary. 

m 

Tensile  Strength  per  square  inch  of  original  section pounds..  100,480 

KlasUc  limit  per  sqjiare  inch  of  original  section do...    57,000 

Elongation  per  inch  after  rupture inch..        .20 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001983 

Reduction  in  diameter  at  point  of  rupture do...       .165 

Reduction  in  area  after  rupture,  per  cen  t  of  original  section 47. 2 

Position  of  rupture r^25  from  neck 

Character  of  broken  surfisce sil  ky 

Elongation  of  inch  sections ".21,  ".28*.  Ml 
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5-INCH    R.   F.  GUNS. 


Jacket. 
No.  7624. 

\;r««U       84196  Ba 

Marks,  bt,m^ 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gtiuged  length,  3". 


Applied 
loads  per 

Elongation 
per  inch. 

Successive 
elongation 
perlnch. 

set. 

!                                    1 

Successive  i 

permanent                       Remarks, 
set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
45,000 
50,000 
58,000 
50,000 
60,000 
61,000 
62.000 
68,000 
64,000 
92,480 

Inch. 
0. 
.000100 
.000683 
.000667 
.001088 
.001400 
.001567 
.001767 
.002067 
.002200 
.012667 
.018667 
.014700 
.015500 
.016838 

.000100 
.000233 
.000634 
.000366 
.000367 
.000167 
.000200 
.000300 
.000133 
.010467 
.001000 
.001088 
.000600 
.001383 

Iiwh. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

ElasUc  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

Geiural  summarif.  * 

Tensile  strength  per  square  inch  of  original  Heetion l>ound8..    92,4{i0 

Elastic  limi t  per  square  Inch  of  origi nai  section do . . .    58, 000 

Elongation  per  inch  after  rupture inch..       .203 

Elongation  per  inch  under  strain  at  elastic  limit do...  .002067 

Reduction  in  diameter  at  point  of  rupture do. . .       .164 

Reduction  in  area  after  rupture,  per  cent  of  original  section 49. 7 

Position  of  rupture 1".6  from  neck 

Character  of  broken  surface silky 

ElongaUon  of  inch  sections ".14,  ".35*,  ".12 


6-IlTCH   B.  F.  GUNS, 

A,  Hoop. 
No.  7625. 


68 


Marks,  ^^-'^ 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  Inch. 

Successive 
perinch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

J»ound9. 
1,000 
6,000 
10.000 
20,000 
80,000 
40.000 
45,000 
50,000 
60.000 
68,000 
64,000 
65,000 
66,000 
67,000 
68,000 
101,400 

Inch. 

.000100 
.000800 

.000667 
.001088 
.001400 
.001667 
.001767 
.002188 
.002267 
.006867 
.009688 
.010688 
.011888 
.012167 

Inch. 
0. 

.000100 
.000200 
.000867 
•000866 
.000867 
.000167 
.000200 
.000866 
.000184 
.006600 
.000766 
.000900 
.000800 
.000684 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  suiitmary. 

Tensile  strength  per  square  inch  of  original  section pounds..  101,400 

Elastic  limit  per  square  inch  of  original  section do...    68,000 

Elongation  per  inch  after  rupture inch..       .167 

Elongation  per  inch  under  strain  at  elastic  limit do...  .002267 

Reduction  in  diameter  at  point  of  rupture do...       .154 

Reduction  in  area  after  rupture,  per  cent  of  original  section 47.2 

Position  of  ruptui^ ^ ^.90  from  neck 

Character  of  broken  surface silky- 
Elongation  of  inch  sections ^09, ''.09,  ^82* 
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HM^'^Ur,    8*461  B,P, 

Marks,  bt,!? 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


6-INCH   R.  F.  GUN8. 

C,  Hoop. 
No.  7680, 


Applied 

loikdflper 

square 

inch. 

Elongation 
per Inch. 

SuocesBlTe 
elongation 
per  inch. 

Permanent 
net. 

Successive 

permanent 

set. 

Remarks. 

Poundt. 
1,000 
6.000 
10,000 
20,000 
80,000 
40,000 
45,000 
60,000 
60,000 
69,000 
70,000 
71,000 
72,000 
78,000 
74,000 
108,000 

Inch. 
0. 

.00010 
.00086 
.00070 
.00106 
.00145 
.00155 
.00170 
.00200 
.00246 
.00260 
.00295 
.00845 
.00400 
.00665 

Inch. 
0. 

.00010 
.00026 
.00066 
.00065 
.00040 
.00010 
.00016 
.00030 
.00046 
.00015 
.00035 
.00060 
.00065 
.00155 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

ElasUc  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  106,000 

Elastic  limit  per  square  inch  of  original  section do . . .    69, 000 

Elongation  per  incJi  after  rupture inch..        .14 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00245 

Reduction  in  diameter  at  point  of  rupture do. . .       .065 

Reduction  in  area  after  rupture,  per  cent  of  original  section 28. 9 

Position  of  rupture ".65  from  neck 

Character  of  broken  surface fine  silky 

Elongation  of  inch  sections , '^.19*.  ^09 


6-lNCH   B.  F.   GUNS. 

Breechblock. 

No.  7620. 

Marks,  H^^' 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 
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Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

perinch.          '*'• 

Successive 

permanent 

set. 

Remarks. 

Ptmtuis. 
1.000 
5,000 
10.000 
20,000 
80,000 
40,000 
46.000 
60.000 
60.000 
68.000 
69.000 
70,000 
71,000 
72.000 
73.000 
74.000 
75,000 
104,600 

Inch.      ,       Inch. 

0.             1      0. 
.00015    ,        .00015 
.00065    1        . 00020 
.OOC/O    1        .00036 
.00ia5            .00QS6 

Inch. 
0. 
0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit 
Tensile  strength. 

.00145 
.00160 
.00175 
.00210 
.00240 
.00245 
.00410 
.OHIO 
.01200 
.01300 
.01410 
.01615 

.00040 
.00015 
.00015 
.00035 
.00030 
.00006 
.00165 
.00700 
.00090 
.00100 

0. 
0. 

0. 
0. 

1 

1 

1 

.00110 

.00105 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pound . .  104, 500 

Elastic  limit  per  square  inch  of  original  section do...    69,000 

Elongation  per  incn  after  rupture Inch..       .245 

Elongation  perinch  under  strain  at  elastic  limit do...    .00245 

Reduction  in  diameter  at  point  of  rupture do. . .       .135 

Reduction  In  area  after  rupture,  per  cent  of  original  section 46.2 

Position  of  rupture at  the  m iddle 

Character  of  broken  surface silky 

Elongation  of  inch  sections *^,  .'^ 

H.  Doc.  521,  5S-2 6 
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5-INOH   R.   F.  GUNS. 

Spindle. 


No.  7617. 
Marks,  ^^L^^^ 
Diameter,  ".606. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elonsration 
perlnch. 

Snccej«ive 
elongation 
perlnch. 

Permanent 

set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 

1,000 

5,000 

10,000 

20,000 

Inch.      1       Inch. 

0.             1      0. 
.00015    1        .00015 
.00040    1        .00025 
.  00070    '       .  onrno 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit 
Tensile  Htrcngth. 

30,000            .00110    1        .00040 

85,000 
40,000 
46,000 
50,000 
60,000 
70,000 
80,000 
81,000 

.00130    1        .00020 
.00145            .00015 
.00165    1        .00020 
.00180            .00015 
.00210            .00030 
.00250            .00040 
.00285            .00035 
.(M»95               .00010 

0. 
0. 

0. 
0. 

82,000    '        imac)   i       .flnno5 

83.000 
84,000 
85,000 
86,000 
87,000 
88,000 
89,000 
111,750 

.00300          0. 
.00340    1        .00040 
.  00400             -  00060 

.00560 
.00775 
.01000 
.01300 

.00160 
.00215 
.00225 

.00300 

1                      1 

General  »umm(iry. 

Tensile  strength  per  square  inch  of  original  section pounds..  111,750 

Elastic  limit  per  square  inch  of  original  section do. . .    83, 000 

Elongation  per  Inch  after  rupture inch . .         .24 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00300 

Reduction  in  diameter  at  point  of  rupture do...       .195 

Reduction  in  area  after  rupture,  per  cent  of  original  section 62. 2 

Position  of  rupture " .  70  from  neck 

Character  of  broken  surface fine  silky,  nerrat^d 

Elongation  of  inch  sections 'M0,".38* 


5-INCH   B.  F.  GUNS.  67 

TABULATION  OF  TENSION  SPECIMENS  FROM  S-INCH  R.  R  OUNS. 

STEMS  2"  LONG,  ".506  DIAMETER. 


No. 

of 

test. 

PodUon 
in  gun. 

Loca- 
tion of 
speci- 
mens. 

Elastic 
limit 
per 

square 
inch. 

Tensile 
strength 

per 
square 
inch. 

Elon- 
tfon. 

Con- 
trac- 
Uonof 
area. 

Appearance  of 
fracture. 

Remarks. 

7«64 
7«78 

Tube 

do 

Middle 
....do.. 

Pounds. 
48,000 
50,000 

POUTUU. 

86,600 
88,600 

Perd. 
22.6 
24.6 

Per  el, 
34.0 
40.8 

Sllkv.obUque.... 

Breech  end. 
Do. 

STEMS  S"  LONG.  ".664  DIAMETER. 

7619 
7624 
76*25 

Jacket 

do 

Middle 
....do.. 

67,000 
58,000 
63,000 

100,480 
92,480 
101,400 

20.0 
20.8 
16.7 

47.2 
49.7 
47.2 

Silky 

Breech  end. 
Do. 
Do. 

.:...ao::...:: 

do 

Ac  hOOD 

....do.. 

STEMS  2"  LONG,  ".606  DIAMETER. 

7680 
7620 
7617 

Cfhoop 

Breechblock. 
Spindle 

Middle 
....do.. 

69,000 
69,000 
88,000 

108,000 
104,500 
111,750 

14.0 
24.6 
24.0 

23.9 
46.2 
62.2 

Fine  silky 

Silky 

Breech  end. 

Fine  silky,  ser- 
rated. 

GAS  CHECKS. 


Marks. 

Diam- 
eter. 

Sec- 
Uonal 
area. 

Elastic 

limit  per 

square 

inch. 

Tensile 
strength 

per 
square 
inch. 

Elon- 
gation. 

Con- 
trac- 
tion of 
area. 

Appearanceof  fracture. 

Elongation 
of  inch 
sections. 

1 
6 

Inch. 
.506 

.606 

Sq.in. 
.20 

.20 

Pimndg. 
76,000 

74,600 

PnuiuU. 
120,100 

119,100 

Pcrd. 
16.0 

16.6 

Per  a. 
40.3 

37.1 

Fine  granular,  silky 

center. 
do 

".28,  ".07 
".24,  ".07 

10-INCH  STEEL  B.  L  RIFLE. 


SPECIMENS  FROM  TUBE,  JACKET,  HOOP,  SPINDLE, 
AND  GAS  CHECKS. 


lo-itsch  steel  15.  l.  rifle. 

Tube. 

No.  7626. 
Marks,  bt^m* 
Diameter/".  564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  8". 
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Applied 
loaasper 

Hquare 

inch. 

Elongation 
per  Inch. 

Successive 
elongation 
perlnch. 

Pcnnanent 
set. 

Successive 

permanent 

set. 

Remarks. 



Pounds. 
1,000 
5,000 
10.000 
20,000 
30,000 
40,000 
45,000 
50,000 
54,000 
56,000 
56,000 
57,000 
58,000 
69,000 
93,560 

Inch. 
0. 
.000100 
.000883 
.000667 
001083 
.001367 
.001583 
.001700 
.001767 
.001933 
.007383 
.008167 
.008967 
.009933 

Inch. 
0. 
.000100 
.000233 
.000334 
.000366 
.000334 
.000166 
.000167 
.000067 
.00016G 
.005400 
.000834 
.000800 
.000966 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 
Elastic  limit. 

0. 

0. 

0. 

0. 



Tonnile  strength. 

1 

(General  mimmartf. 

Tensile  strength  per  square  inch  of  original  ncction pounds. .    93, 560 

Elastic  limit  per  square  inch  of  original  section do. . .    54, 00() 

Elongation  per  incn  after  rupture inch . .       .197 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001767 

Reduction  In  diameter  at  point  of  rupture do. . .        .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44. 6 

Position  of  rupture l'M9  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".26*.  ".22, 'Ml 
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lO-IJSCH    STEEL    B.  L.  RIFLE. 

Jacket. 


No.  7676. 

TVyr««l^^     3-1088  Bi 

Marks,  bt^m^ 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

Elonfl^ation 
perlnch. 

Inch. 
0. 
.000200 
.000367 
.000767 
.001200 
.001333 
.001500 
.001600 
.001867 
.002067 
.002338 
.003167 
.004667 
.005500 

Successive 
elongation 
perlnch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20.000 
30.000 
85.000 
40,000 
42,000 
50,000 
61,000 
52,000 
53,000 
54.000 
66,000 
97,040 

Inch. 
0. 
.000200 
.000167 
.000400 
.000433 
.000183 
.000167 
.000100 
.000267 
.000200 
.000266 
.000834 
.001500 
.000833 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initialload. 

Elastic  limit. 
Tensile  Ktrength. 

0. 

0. 

0. 

0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    97, 040 

Elastic  limit  per  square  inch  of  original  section do. . .    50, 000 

Elongation  per  inch  after  rupture inch. .       .  193 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001867 

Reduction  in  diameter  at  point  of  rupture do. . .       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section ^ 44.6 

Position  of  rupture 1".  4  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections • ".10,  ".82*,  ".16 


lO-nsrCH   STEEL   B.   L.  BIFLE. 
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Cg  Hoop. 


No.  7623. 
Marks,  g^5* 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

lofUuper 

square 

inch. 

Elongation 
per  inch. 

BncceaBive 
per  inch. 

Permanent 
set. 

Suoceasiye 

permanent 

set. 

RemarkB. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
46,000 
60,000 
60,000 
62,000 
68,000 
64,000 
66.000 
66,000 
67,000 
103,120 

Inch, 
0. 

.000188 
.000883 

.000700 
.001088 
.001400 
.001667 
.001733 
.002067 
.002133 
.002283 
.008883 
.009800 
.009767 
.010600 

Inch, 
0. 
.000188 
.000200 
.000867 

.000867 
.000167 
.000166 
.000884 

.000066 
.000100 
.906600 
.000467 
.000467 
.000883 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit 
Tensile  strength. 

0. 
0. 

0. 
0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section ._. pounds . .  103, 120 

Elastic  limit  per  square  Inch  of  original  section do...    62,000 

Elongation  per  inch  after  rupture inch. .       .  207 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002133 

Reduction  in  diameter  at  point  of  rupture do. . .       .144 

Reduction  in  area  after  rupture,  per  cen t  of  original  section 44. 6 

Position  of  rupture at  middle  of  stem 

Character  of  broken  surface silky,  oblique 

Elongation  of  Inch  sections ".  14,  *.  84,*  ^  14 


74 


10-INCH    STEEL    B.   L.   RIFLE. 


Marks/^Sf^' 

Diameter,  ".564. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


Spindle. 
No.  7616. 


Applied 

loaa.'j  per 

square 

inch. 

Elongation 
per  inch. 

Successive 

elongation 

perlnch. 

Permanent 

set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
46,000 
50.000 
CO.  000 
70,000 
71,000 
72,000 
73,000 
71,000 
75,000 
76,000 
77,000 
78,000 
113,600 

Inch. 
0. 
.000167 
.000367 
.000767 
.001167 
.001533 
.001733 
.001900 
.002267 
.002667 
.002700 
.002767 
.005333 
.009667 
.010333 
.011000 
.011667 
.012600 

Inch. 
0. 

.000167 
.000200 
.000400 
.000400 
.000366 
.    .000200 
.000167 
.000367 
.OOCMOO 

.000067 
.002866 
.004334 
.000666 
.000667 
.000667 
.000833 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit 
Tensile  strength. 

6.            1   6. 

0.               1    0. 

1 

0.                I    0. 

1 

1 

1   

:     1      : 

1 

1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  11  .600 

Elastic  limit  per  square  inch  of  original  section do...    72,0t0 

Elongation  per  inch  after  rupture inch. .        .  153 

Elongation  per  Inch  under  strain  at  elitstic  limit do...  .002767 

Reduction  in  diameter  at  point  of  rupture • do. . .        .124 

Reduction  in  area  after  rupture,  i)er  cent  of  original  section 39. 2 

Position  of  rupture 1".45  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".11,  ''.26*,  ".09 

TABULATION  OF   TENSION  SPECIMENS  FROM  lO-INCII  STEEL  B.    L. 

RIFLE. 

STEMS  3"  LONG,  ".564  DIAMETER. 


Elastic  I  Tensile  ' 

-qCc     sq^'re    K-^"""- 
inch.       inch. 


Con-    I 

trac-   I    Appearance  of 
tion  of  I         fracture, 
area,    i 

I 


7626     Tube Middle. 

7676     Jacket do... 

7623  I  Hoop ....do... 

7616  !  Spindle do... 


I 


51,000  , 
50,000 
62,000  I 
72,000  I 


l*(mnrU. 

I^r  ct. 

Ihrrt. 

93,560 

19.7 

44.6 

97,040 

19.3 

44.6 

103,120 

20.7 

44.6 

113,600 

15.3 

39.2 

Silky 

do 

Hilkv,  oblique. 
Silky 


Remarks. 


Breech  end. 
Do. 
Do. 


10-INCII  STEEL  B.  L.  RIFLES. 

GAS  CHECKS. 


Marks. 

Diam- 
eter. 

Sec- 
tional 
urea. 

Elastic 

limit  per 

square 

inch. 

Tensile 
strength 

per 
square 
inch. 

Elon- 
gation. 

Con- 
trac- 
tion of 
area. 

Appearance  of  fracture. 

Elongation 
of  inch 
sections. 

2 

4 
5 
8 
9 

Inch. 

.505 

.506 
.506 
.505 
.505 

Sq.  in. 
.20 

.20 
.20 
.20 
.20 

Pound*. 
76,50J 

81,000 
92,000 
79,000 
77,600 

Pounds. 
1-26,600 

133,500 
146,500 
123,100 
183,050 

Per  ct.    Per  ct. 
24.0        37.1 

13.0        34.0 
24. 0         37. 1 

Fine  granular,  silky- 
center 

// 

.24 
.13 
.24 
.14 
.27 

do 

do 

14.0 
27.0 

37.1 
37.1 

do 

do 

12-INCH  STEEL  B.  L.  MORTARS. 


SPECIMENS  FROM  GAS  CHECKS. 
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12-INOH   STEEL   B.  L.  M0BTAR8. 
1^'INCH  STEEL  B,  L.  MORTARS. 

GAS  CHECKS. 
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MarkM. 


10 
11 


Diam- 
eter. 


Inch. 
.506 


.606 
.606 


.606 
.506 


.505 
.506 


Sec- 
tional 
area. 


Elastic 

limit  per 

square 

incli. 


.S7.  in. 
.20 

Pounds. 
77,600 

.20 

60,000 

.20 

89,000 

.20 
.20 

47,000 
83,600 

.20 
.20 

87,000 
98,000 

Tensile 
strength 

per 
square 
inch. 


PomuU. 
132,300 

124,100 

159,600 

96,100 
144,600 

149, 100 
132,600 


Elon- 
gation. 

Con- 
trac- 
tion of 
area. 

Per  ct. 
13.6 

Perct. 
30.7 

14.5 

20.5 

11.0 

23.9 

28.0 
18.0 

61.9 
30.7 

18.0 
1.6 

27.4 

Appearance  of  frac- 
ture. 


Fine  granular,  fdlky 

center 

Fine  granular,  radial 

seam 

Fine  granular,  silky 

center 

Silky 

Fine  granular,  silky 

center 

....do 

Fine  granular.seam  f '^ 

long.  Broke  at  neck. 


Elongation 
of  Inch 
sections. 


.07,  .20* 

.1»»,  .11 

.10,  .12* 

.86«,  .U 

.20*.  .06 

.08,  .18* 

.02,  .01 


HYDROSTATIC  TEST  OF  GUN  HOOP. 


SUPPLEMENTARY  TEST  OF  STREAKED  HOOP 

No.  17093   B3. 
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HYDROSTATIC   TEST  OF   GUN    HOOP.  81 

Hydrostatic  Test  of  a  Section  of  Streaked  Hooi'  No.  17093  B,. 

A  section  9".95  long,  28".l  interior  diameter,  ".50  thickness  of  walls, 
witiiout  flanged  ends,  was  subjected  to  interior  hydrostatic  pressure. 
For  the  earlier  test  of  flanged  section  of  this  hoop  see  Report  1902, 
p.  110. 

details  of  tests. 


• 
L 

tan 

2971 

r 

1 

1 

1 
1 
1 

' 

Expansion  of  the  hoop  measured  at  the  middle  of  its  length  on  one 
diameter. 

Fiber  stress  computed  by  the  formula:  ^=P  3/p«_wi 


Interior 

prefisure 

per  square 

Inch. 


Pounds. 

178 
2,078 
2.142 

178 
2,211 

173 
2,280 

173 
2,849 

178 
2,419 

173 
2,488 

173 
2,557 

173 
2,626 

173 
2,696 

173 
2,764 

173 
2,833 

173 
2,902 

173 
2,971 

178 
3,010 

173 
8,110 

173 


Fiber  Hlress 

per  square 

inch. 

Expansion 
in  diame- 
ter. 

PwmU. 
6,000 
60.000 

Inch. 
0. 

62,000 

6,000 

r»4,ooo 

.117 

5,000 
66,000 

.169 

6,000 
68,000 

.215 

5,000 
70.000 

.244 

6,000 

r2, 000 

.276 

5,000 
74,000 

.313 

5,000 
76,000 

.346 

6,000 
78.000 

.396 

6,000 
80,000 

.482 

5,000 
82,000 

.481 

5,000 
8t,000 

.529 

6,000 
86.000 

.691 

5,000 
88,000 

.692 

5.000 
90,000 

.760 

5,000 
of  hydraul 

.85 
c  packings  < 

Remarks. 


Initial  load. 
Elastic  limit 


Interior  diameters  at  ends:  28'».70  to  28».v%. 
Circumference  at  middle  of  length,  exterior:  l>rM25. 
Packings  renewed  and  test  resumed. 
92,000 


Hi'op  removed  from  testing  fixture. 


8,179 
173 

3,248 
173 

8,807 


5,000 
94,000 

5,000 
95,716 


Circ'umfercnoo:  9i''.44. 

Clrcumferent'e:  V4".88. 
Ultlmaic  strength. 


H.  Doc.  621,  68-2 6 


82  HYDROSTATIC   TEST   OF   GUN    HOOP. 

Hoop  ruptured  longitudinally,  along  the  line  of  the  principal  seam 
in  the  surtace  of  the  oore,  which  seam  was  photographed  after  the 
application  of  90,000  pounds  per  square  inch  fiber  stress.. 

Measurement  of  circumference  at  exterior  of  hoop  at  middle  of 
length  after  fracture:  95".16.  Circumferential  elongation =3". 74= 
4.1  per  cent. 

Dimensions  at  fracture:  9".76  length  by  ".516  thickness. 

Appearance  of  fractured  surface,  granular,  radiating  from  two 
points  at  the  surface  of  the  bore  1".4  and  1".6,  respectively,  from  the 
ends  of  the  hoop,  and  contained  a  seamy  line  6"  long. 

Cracks  opened  during  the  test  in  a  group  of  streaks  in  the  vicinity 
of  the  place  of  fracture  measured  as  follows,  taken  longitudinally: 

Cracks  on  the  outside  cylindrical  surface: 

'<    ".90    >  <    ".80    >  <".40> 

<1".40      >  <    1".45    > 

<  ".65    > 
<".30> 

Crack  on  the  inside  cylindrical  surface: 
".20 

<  > 

The  streaks  of  which  these  cracks  formed  parts  were  generally 
increased  in  prominence  during  the  test,  and  some  which  were  at  first 
obscure  were  now  plainl}^  visible.  The  streaks  at  and  in  the  line  of 
fracture  were  among  the  less  conspicuous  ones  at  the  commencement 
of  the  test. 

The  walls  of  the  hoop  were  slightly  bulged,  the  diameter  at  the 
middle  of  the  length  being  about  ".14  larger  than  at  the  ends. 

The  hoop  as  received  at  Watertown  Arsenal  had  an  average,  thick- 
ness of  2".  57.  In  the  lathe  five  rings  were  cut  from  the  outside  part, 
the  rings  measuring  approximately  1".5  by  1".75  in  cross  section. 
Upon  the  removal  of  tnis  outside  metal  the  hoop  sprung  out  of  its 
cylindrical  shape.  As  finally  finished  the  minimum  thickness  of  the 
walls  was  0".5,  the  greatest  thickness,  locall}^,  being  0".55. 

Fracture  took  place  where  the  walls  were  originally  above  the  mini- 
mum thickness,  after  the  test  the  average  thickness  here  being  0".515. 
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HYDROSTATIC   TEST   OP   GUN   HOOP. 


Tangential  tensile  specimens  taken  from  rings  cut  from  outside  part 
of  walls  of  supplementary  streaked  hoop,  No.  17093  B,: 

No.  7606. 
Marks,  From  ring  3. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

Tnch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

6,000 

10,000 

20,000 

80,000 

40,000 

50.000 

55,000 

56.000 

67,000 

68,000 

69,000 

60,000 

62.000 

64.000 

68,000 

72,000 

76,000 

80,000 

84,000 

88,000 

92,000 

96.000 

100,000 

104.000 

104,800 

0 

Inch. 

0. 

.0004 
.0010 
.0021 
.0081 
.0041 
.0062 
.0069 
.0262 
.0272 
.0290 
.0810 
.0830 
.0367 
.0408 
.0600 
.0600 
.070 
.082 
.10 
.12 
.14 
.17 
.22 
.82 
.40 
.43 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 
« 14.3  per  cent 

0. 
0. 

.0252 

Elongation  of  inch  sections  ".12,  ".15,  ".16*. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 

Fractured,  ".65  from  the  neck.     Appearance,  fine  granular,  radiat- 
ing from  a  dull  spot  ".10  by  ".18  at  the  circumference. 


BtDfiOdXATtO  TfiSt  OF  GUN  BOOi^. 

No.  7607. 
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Marks,  From  ring  4. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

■quare 

Tnch. 

In  gauged  length. 

Rptnarktu 

Elonga- 
Uon. 

Set. 

Poundi. 
1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
60,000 
66,000 
66,000 
67,000 
61,000 
62,000 
68,000 
64,000 
66,000 
66,000 
68,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
02,000 
06,000 
100,000 
100,720 
0 

JiicA, 

0. 

.0003 
.0009 

.0020 

.0080 

.0041 

.0061 

.0067 

.0069 

.0060 

.0141 

.0180 

.0273 

.0808 

.0821 

.0840 

.0887 

.0484 

.06 

.00 

.07 

.00 

.10 

.12 

.14 

.18 

.24 

.86 

.46 

.68 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
—  22.7  per  cent. 

0. 
0. 

Elongation  of  inch  sections,  ".12,  ".22,  ".34». 
Diameter  at  fracture,  ".42;  area,  .1885  square  inch. 
Contraction  of  area,  44.6  per  cent. 
Fractured  ".95  from  the  neck.     Appearance,  line  silky. 
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HYBftOS^AtlO  TEST  OF  GtlU   ftO0l>. 


No.  7608. 
Marks,  From  ring  6. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Oauged  length,  3". 


Applied 

loaosper 

square 

inch. 

In  ganged  length. 

Remarks. 

EUonga> 
tion. 

Bet. 

Pfmndt. 
1,000 
6,000 
10,000 
20,000 
SO,00O 
40,000 
60,000 
64,000 
66,000 
49,000 
60,000 
61,000 
62,000 
64,000 
66,000 
68,000 
60,000 
64,000 
.    68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
96,000 
99,840 
0 

Inch. 

0. 

.0008 
.0010 
.0020 
.0081 
.0041 
.0051 
.0067 
.0060 
.0112 
.0147 
.0203 
.0290 
.0325 
.0864 
.0414 
.0468 
.0546 
.0669 
.08 
.10 
.11 
.13 
.16 
.20 
.26 
.62 
.69 

Inch. 
0. 
0. 

Initial  load. 

Elastic  Umit    Load  fell. 

Tensile  strength. 
=28  per  cent. 

0. 
0. 

Elongation  of  inch  sections,  ".16,  ".36»,  ".18. 
Diameter  at  fracture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47.2  per  cent. 
Fractured  1".63  from  the  neck.    Appearance,  fine  silky. 


HYDROSTATIC  TEST  OB*  atJN   HOOP. 
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Oil  Tempered  and  Annealed  Hoop,  Unfobged,  from  Ingot 

Block  21859  B^. 


TANGENTIAL   TENSILE   SPECIMENS. 


No.  7768. 


Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

Rquare 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set, 

Remarks. 

Pftujids. 
1,000 
5,000 
10,000 
16,000 
20,000 
25,000 

:»,ooo 
:«,ooo 

40.000 
4.5,000 
50,000 
51  000 

Inch. 

0. 

.0001 
.0010 
.0015 
.0020 
.0026 
.0031 
.0037 
.0042 
.0048 
.0054 
n(i5K 

Inch. 

0. 

0. 

Initial  load. 
Rla-Mtic  limit. 

Tensile  strength. 
=  9.3  per  cent. 

0. 

0. 
0. 
0. 
0. 
.0001 

52,000     \           J),. 27 

63,000 
&i,000 
65,000 
56,000 
57,000 
68,000 
59,000 

.0142 
.0170 
.0183 
.0200 
.0214 
.0235 
.  0-250 

.0116 

60.000    1          .0278 
62,000              .0312 
64,000              .0360 
66,000    I          .0390 
68,000    ,          .0435 
70,000    I          .0486 
80,000    '          .0492. 
90,000    1          .12 
100,000              -19 

.0200 

.0812 

104.400 
0 

.28 



Elongation  of  inch  sections,  ".08,  ".09,  ".11*. 
Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Appearance  of  fracture,  medium  fine  granular. 
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HYDROSTATIC  TEST  OF  GUN  HOOP. 
No.  7769. 


Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 
loads  per  I  — 

square 

inch. 


In  gauged  length. 


Pounds. 
1,000 
5,000 
10,000 
20.000 
30,000 
40,000 
46,000 
60,000 
51,000 
52,000 
63,000 
54,000 
55,000 

.  66,000 
57,000 
58,000 
59.000 
60,000 
70,000 
80,000 
90,000 
100,000 
102,660 
0 


Elonga- 
tion. 

Set. 

Inch. 

0. 
.0004 
.0010 

Inch. 

0. 

0. 

.0021 

.0030 
.0042 
.0048 
.0054 
.0063 

0. 

0. 
.0001 
.0002 

.0138 

.6152 

.0176 

.0192 
.0210 

.0122 

.0221 

.0241 

.0260 

.0286 
.0485 
.0750 
.12 

.0206 
.0390 
.0635 

.20 

.  .22 

Remarks. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
=7.3  per  cent. 


Elongation  of  inch  sections,  ".07,  ".07,  ".08*. 
Diameter  at  fracture,  ."54;  area,  .2290  square  inch. 
Contraction  of  area,  8.4  per  cent. 
Appearance  of  fracture,  medium  fine  granular. 


CHEMICAL  ANALYSIS. 


No.  of 
test  speci- 
men. 

Carbon. 

Manga- 
nese. 

Silicon. 

Sulphur. 

Phos- 
phorus. 

7768 

.61 

.85 

.24 

.017 

.024 

15-P0UND£tt  CASfittATX^  ItOt^KTS. 
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PIStOK  BODS    AND   HEtRAOTlON   ROMS. 
Piston  Rods  and  Retraction  Ropes. 


PISTON  rods. 

PROOF  STRESSES  APPLIED  TO  PISTON  RODS  FOR  GUN  CARRIAGES. 


Description. 


Tensile 

stress 

applied. 


75-millimeter  Vicker-Maxim  mountain  gun  carriages  . 
15-pounder  Driggs-Seabury  R.  F.  gun  carriages 


P(}und8. 

12,600 

131,906 


WIRE    RETRACTION   ROPES. 
fROOF  STRESSES  APPLIED  TO  WIRE  RETRACTION  ROPES  FOR  GUN  CARRIAGES. 


Description. 


Tensile 

stress 

applied. 


1-inch  steel  wire  retraction  ropes  with  conical  sockets,  for  8-inch  disappearing 
carriages 

A-inch  steel  wire  retraction  ropes  with  conical  sockets,  for  10-inch  disappearing 
carriages 

|-inch  steel  wire  retraction  ropes  with  conical  sockets,  for  12-inch  disappearing 
carriages 


Pounds. 
7,080 
8.800 
15,000 


HELICAL  SPRINGS. 
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HELICAL   SPRINGS  98 

Counter  Reooil  Springs  for  6-inch  Barbette  Gun  Carriages, 

Model  1900. 

SpecificationH  require: 

DIMENSIONS. 

Outer  spring,  exterior  diameter inches..  7.65db.06 

Outer  spring,  interior  diameter do 6.16±.12 

Inner  spring,  exterior  diameter do 4.28:k.06 

Inner  spring,  interior  diameter do....  2.28±.12 

SUSTAINING  POWER. 

Outer  spring  to  sustain  at  least  5,000  pounds  at  height  of inches..  23.125 

Inner  spring  to  sustain  at  least  5,000  pounds  at  height  of do 19.875 

Solid  heights  not  greater  than do 16.76 

Total  height  of  4  springs  (2  outer  and  2  inner)  under  11,000  pounds,  not  leas  than do 70 

Neither  inner  spring  snowing  less  height  than do 17.05 

Nor  outer  spring  lew  than do....  17.60 

Close  down  60  hours,  and  also  load  100  times,  and  meet  above  requirements. 

COMPRESSION  TESTS. 
DB8CB1PTION  OP. 

Tests  were  made  upon  8  springs,  4  outer  and  4  inner. 

The  ori^nal  I'esistance  of  the  several  springs  was  determined  at  the 
prescribed  heights  and  load,  then  closed  down  and  resistance  determined 
on  the  return  movement. 

Free  hei&^hts  were  measured  and  springs  again  loaded  to  prescribed 
heights  ana  load. 

Set  No.  1  compressed  100  times,  then  reloaded.  They  were  next 
closed  down  and  beld  closed  for  a  period  of  50  hours,  then  released. 
Free  heights  were  measured,  and  again  loaded  to  prescribed  heights 
and  load,  finally  loading  each  spring  with  11,000  pounds. 

RESULTS  OF  TESTS. 
REMARKS  ON. 

1.  The  initial  loading  showed  a  state  of  resistance  in  excess  of  the 
specifications  in  the  outer  springs  and  in  one  of  the  inner  coils,  three 
of  the  latter  being  found  deficient  in  sustaining  power. 

2.  After  closing  down  none  of  the  springs  retained  the  prescribed 
sustaining  power.  The  deficiency  was  greater  on  the  return  move- 
ment following  the  state  of  being  closed  than  upon  reloading  after 
release  from  an  intermediate  free  state.  The  subsequent  repeated 
loadings  of  outer  and  inner  springs  No.  1  resulted  in  a  further  loss  in 
sustaining  power,  which  was  increased  by  closing  down  the  period 
of  50  hours. 

3.  Under  a  load  of  11,000  pounds,  applied  subsequent  to  the  other 
tests  enumerated,  none  of  the  outer  springs  maintained  the  prescribed 
minimum  height  of  17''.50  nor  none  of  the  inner  springs  the  height 
of  ir'.05. 

4.  Elach  spring  was  capable  of  being  closed  down  to  the  prescribed 
height  of  16".75.  The  pmcticai  limit,  when  a  number  of  coils  were 
brought  together,  was,  nowever,  reached  before  this  with  seven  of 
the  springs. 


94 


HELICAL   BPBIKG8. 
DIMENSIONS  OF  SPRINGS  BEFORE  TESTING, 


OUTER  SPRINGS. 


Free  height Inches.. 

Exterior  diameter do 

Diameter  of  wire do 

Distance  l>etween  coils inch . . 

Weight pounds. . 


1. 

2. 

3. 

4. 

28.80 

28.43 

28.33 

28.34 

7.61 

7.59 

7.67 

7.61 

1.25 

1.25 

1.26 

1.25 

.96 

.96 

.96 

.93 

98 

92 

921 

914 

INNER  SPRINGS. 


Free  height inches. 

Exterior  diameter do. . . 

Diameter  of  wire do. . . 

Distance  between  coils Inch- 
Weight pounds. 


21.40 

21.41 

21. 41 

21.50 

4.20 

4.27 

4.28 

4.30 

1.00 

1.00 

1.00 

1.00 

.28 

.28 

.28 

.28 

87* 

861 

87 

37} 

DETAILS  OF  TESTS. 
OUTER  SPRINGS. 


Number  of  spring. 


Free  height inches.. 

Load  at  height  of  23'M25 pounis.. 

Height  under  load  of  fi.OOO  pounds inches. . 

/Solid  height  (practical  limit) do.... 

\Load  at  solid  neight  (practical  limit) pounds.. 

Load  at  height  of  16".75 do.... 

Height  under  load  of  5.000  pounds inches. . 

Load  at  height  of  23".126 pounds. . 

Free  height inches.. 

Load  at  height  of  23'M26 pounds.. 

Height  at  load  of  6,000  pounds inches.. 


28.80 
6,290 
23.41 
16.82 
11,800 

13,020 

22.10 
4,000 
27.88 

4,830 
22.97 


28.43 
5,120 
23.24 
17.08 
10,900 

14.600 

2L83 
3,720 
27.63 

4.460 
22.60 


28.33 
5,110 
23.21 
16.96 
10,900 

12,960 

21.84 
3,760 
27.67 

4,490 
22.60 


28.84 
5,080 
28.17 
16.80 
11.000 

11.600 

21.83 
3,780 
27.75 

4,520 
22.68 


INNER  SPRINGS. 


Free  height inches.. 

Load  at  height  of  19".875 pounds. . 

Height  under  load  of  5,000  pounds inchei*. . 

/Solid  height  (practical  limit) do.... 

[Load  at  solid  neight  ( practical  limit) pounds . . 

Load  at  height  of  16^.75 do.... 

Height  under  load  of  6.000  pounds Inches. . 

Load  at  height  of  19".376 pounds. . 

Free  height Inches.. 

Load  at  height  of  19".875 pounds. . 

Height  at  load  of  5,000  pounds inches. . 


21.40 
4,400 
19.08 
17.06 
9,300 

12,900 

18.60 
3,280 
21.10 

4,200 
19.01 


21.41 
4,640 
19.22 
16.65 
12,500 

10,600 

18.50 
3,120 
2L07 

8,860 
18.89 


21.41 
4.680 
19.25 
16.83 
10,800 

12,050 

18.60 
3,300 
21.15 

4,160 
19.00 


21.60 
5,120 
19.40 
16.78 
13.100 

12, 100 

18.86 
3,800 
21.30 

4,730 
19.26 


REPEATED   LOADING. 


Outer  spring  No.  1:  Loaded  100  times  from  an  initial  height  of 
23".  125,  closing  to  a  height  of  17". 625,  a  movement  of  5". 5. 

Inner  spring  No.  1:  Loaded  100  times  from  an  initial  height  of 
19".375,  closing  to  a  height  of  17".125,  a  movement  of  2".25. 


HELICAL   SPRINGS. 
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RETE8T  OF  SPRINGS  AFTER  REPEATED  LOADING. 

Outer  sprinx  No.  1: 

Freebeikbt Incbes..  27.  S9 

Load  at  height  of  23'M25 pounds..  4.610 

Height  at  load  of  6,000  pounds inches. .  22. 76 

Inner  spring  No.  1: 

Preeheteht do...  21.15 

Load  at  height  of  iy.875 pounds..  4.020 

Height  at  load  of  6,000  pounds inches..  18.98 

Outer  spring  No.  1  and  inner  spring  No.  1  closed  down  for  a  period 
of  60  hours. 

Free  height  after  releaite.  No.  1,  outer inches..  27.48 

Free  height  after  release,  No.  1,  inner do —  21.10 

After  an  interval  of  4  days  springs  No.  1  were  again  tested,  as 
follows: 

Outer  spring  No.  1: 

Load  at  neigh t  of  28M25 pounds..  4.400 

Height  at  load  of  6,000  pounds inches..  22.54 

Free  height do 27.48 

Inner  spring  No.  1: 

Load  at  height  of  1^.876 pounds..  3,860 

Height  at  load  of  5,000  pounds inches..  18.91 

Free  height do 21.07 

Final  Loadin(}  with  11,(K)()  Pounds. 

OUTER  SPRINGS. 


Load  at  height  of  17"..'J0 

Height  at  load  of  11,000  pounds . 
Fi  mil  free  heigh  i 


.pounds..  9,990 
..inches..  16.92 
do....!     •i7.4S 


No.  of  spring. 


9.H70 
27.62 


9.900 
16.93 
27.64 


9,820 
16.80 
27.63 


INNER  SPRINGS. 


Load  at  height  of  17''.a'i pounds.. 

Height  at  load  of  11.000  pounds inches.. 

Fi nai  free  heigh t do 


9.120 
16.  HO 
21. 07 


No.  of  spring. 


8.940 
16.66 
21.06 


9.680 
16.83 
2L12 


10,-2H0 
16.87 
2L8S 


96  HELICAL   SPRINGS. 

Counter  Recoil  Springs  for  7-inch  Mortar  Carriages, 
compression  tests. 
Sixty  springs  from  a  lot  of  232  received  February  9,  1903. 

DESCRIPTION  OF  ONE  SPRING. 

Free  height inches..  18.80 

Exterior  diameter do...    5.08 

Diameter  of  wire inch..      .70 

Distance  between  coils do. . .      .86 

Weight 18  pounds,  12^  ounces 

TEST  OF  ONE  SPRING. 


Free 
height. 

Inches. 

18.80 

Returnee 

Load  at 
16». 

Pounds. 

1.250 

:)  to  ma- 

Height 
at  1,200 
pounds. 

Load  at 
9".6. 

Closed  down. 

Load  at 

Height 

Load  at 
]5". 

Free 
height. 

Height. 

Load. 

^•^'      pounds. 

Inches. 
15. 12 
14.85 

Pwtnds. 
2,920 

Inches. 
9.08 

Founds. 
8.500 

Pounds. 
2,900 

Inches. 
14.60 

Pounds. 
1,090 

Inches. 
18.78 

Chi 

ne. 

Springs  closed  down  to  height  of  9". 5,  after  which  they  were  loaded 
in  accordance  with  specifications. 


No.  of  spring. 

Free 
height. 

Height 
at  1,200 
pounds. 

No.  of  spring. 

Free 
height. 

Height 
at  1,200 
pounds. 

1 

Inches. 
18.43 
18.56 
18.63 
18.65 
18.70 
18.68 
18.43 
18.66 
18.60 
18.46 
18.62 
18.50 
18.64 
18.75 
1H.54 
18.63 
18.48 
1H.62 
18.66 
18.61 
18.58 
18.80 
18.50 
18.62 
18.69 
18.42 
18.71 
18.81 
18.71 
18.32 

Inches. 
14.73 
14.93 
14.84 
16.08 
15.21 
14.96 
14.86 
16.20 
14.71 
14.66 
15.06 
14.70 
16.05 
15.05 
14.81 
14.98 
14.87 
14.82 
16.11 
14.94 
14.82 
15.17 
14.72 
16.03 
1.5.02 
14.65 
16.10 
16.16 
15.10 
14.58 

31 

Inches. 
18.65 
18.37 
18.40 
18.78 
18.48 
18.64 
18.72 
18.60 
18.72 
18.70 
18.60 
18.58 
18.46 
18.78 
18.42 
18.81 
18.59 
18.43 
18.32 
18.72 
18.62 
18.78 
18.74 
18.43 
18.62 
18.52 
18.58 
18.48 
18.70 
18.49 

Inches. 
14.93 
14.70 
14.73 
15.07 
14.72 
14.94 
16.14 
16.00 
15.03 
15.03 
14.97 
15.00 
14.78 
15.17 
14.80 
16.09 
15.00 
14.78 
14.58 
15.00 
14.88 
15.10 
15.50 
14.74 
14.81 
14.81 
14.78 
14.84 
15.00 
14.90 

2 

82 

88 

3 

4 

34 

5 

85 

6 

86 

7 

37 

8 

88 

9 

89 

10 

40 

11 

41 

12 

42 

13 

43 

14 

44 

15 

45 

16 

46 

17 

47 

18 

48 

19 

49 

20 

50 

21                          ... 

51 

22 

62 

28 

63 

24 

64 

26 

66 

26     .                

66 

27 

67 

28        

68 

29 

69 

30      .               

60 

1 
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Springs  Nos.  1  to  20,  inclusive,  closed  down  to  a  height  of  9". 5,  and 
so  remained  for  a  period  of  64  hours.  Immediately  after  their  release 
the  free  heights  were  measured,  and  again  later,  after  remaining 
unloaded  48  hours. 


No.  of  Bpiitig. 


Free  heights. 


After      48  houn 


mJLSJS  I  closed  64      after 
closing.      !,_„_,_      __,_-^ 


houn.    I  releane. 


Inchea. 
18.41 
18.66 
18.55 


'.  1 


Inehet. 
17.95 
18.46 
18.45 


Jnehea. 
17.96 
18.46 
18.46 


Again  loaded  in  accoixlancc  with  the  specifications. 


4.. 

18.64    1 
18.72    1 
18.63    ' 
18.50 
18.70    ' 
18.63    1 
18.40    1 
18.61 
18.61 
18.73 
18.80 
18.60 
18.69 
18.50    1 
18.58    , 
18.70    i 
18.68 

18.60 
18.59 
18.55 
18.32 

i<.m 

18.54 
18.28 
18.66 
18.90 
18.67 
18.61 
18.48 
18.59 
18.85 
18.45 
18.54 
18.62 

18.60 
18.60 
18.66 
18.33 
18.63 
18.53 
18.83 
18.53 
18.38 
18.60 
18.64 
18.51 

5.. 

6.. 

- 

1  7:::.;:::::::::;::.:::;:::::;::;:::::::::::::::::::::::::::::::;:: 

8 

1      9 

'  lo::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

u 

12 

13 

14 

15 

■    16 

18.66 

17 

18.35 

(    IH 

18.40 

19 

18.51 

1    20 -- - 

18.60 

Mean  heights 

1 

18.61     1 

18.42 

18.47 

1 

Total  difference 

1 

.19 

.14 

1 

i 

No.  of  spring. 


2 
3 
4 
5 
6 
7 
8. 
9. 
10. 


Krvo 
lieighl. 


Jnche*. 
17.96 
18. 46 
1H.46 
18.60 
18.60 
18.66 
18.33 
18.63 
18.5:1 
18.33 


Height 
at  1.20U 
pounds. 


Inches. 
14.19 
14.80 
14.76 
14.93 
15.08 
14.88 
14.77 
15. 16 
14.68 
14.65 


No.  of  Mpring. 


11. 
12. 
IS. 
14. 
15, 
16. 
17. 
18. 
19 
20. 


Free 
height. 

Height 

at  1.200 
pounds. 

Inches. 

Inches. 

18.53 

14.99 

18.88 

14.62 

18.60 

16.06 

18.64 

15.00 

18.51 

14.78 

18.56 

14.94 

18.36 

14.79 

18.40 

14.80 

18.51 

15.04 

18.69 

14.89 

When  remeasuring  the  springs  48  hours  after  release  from  the  state 
of  being  closed  down,  it  was  noticed  that  an  apparent  difference  in 
height  of  ".07  could  he  given  some  springs,  according  to  the  side  on 
which  they  lay  when  being  measurea.  This  was  owing  to  the  fact 
that  the  axes  of  some  springs  were  not  straight  lines,  and  their  weights 
tended  to  straighten  tnem  while  in  some  positions.  This  probably 
explains  why  the  final  heights  of  some  appear  less  than  the  heights 
immediately  after  release  from  the  closed  state.  The  tests  for  sus- 
taining power,  heights  under  load  of  1,2()0  pounds  compression,  were 
made  48  hours  after  release  from  closing  down. 

H.  Doc.  621,  6S-2 7 
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HELICAL   8FBINGB. 

ADDITIONAL  TESTS  OF  16  SPRINGS. 


No.  of  spring. 

height. 

Height 
at  1,200 
pounds. 

No.  of  spring. 
9 

P_,        Height 

!   Inches.   1    Inches. 
1        1      18.69          l.'i-OO 

Inches.       Inches. 
18.70          16.02 

2 !      18.88 

3 1      18.74 

4 1      18.78 

5 1      18.52 

14.97 
15. 12 
15.04 
14.82 
14.89 
15.04 
14.68    1 

10 

18.  M          15. 15 

11 

18. 81          15. 10 

12 

18.74          14.98 

13 

18.82          15.14 

6 18.62 

14 

18. 69          14. 98 

7 18.99 

15 

18. 70          15. 10 

8 IR-fifi 

16 

IH.  f.8          14. 71 

Counter  Preponderence  Devjce  Spring  for  10-inch  Disappear- 
ing Carriages,  Model  1901. 

manufactured  at  watertown  ar8enal. 

dimensions. 

Height inches..  15.25 

Diameter  of  wire Inch..      .89 

OntBlde  diameter inches. .    5. 50 

Distance  between  coils inch. .      .  55 

Weight pounds..  27.50 


rtmnds. 

0 

2,300 

2,600 

4,800 


Inches. 
15.25 
12.47 
12. 125 
1.96 


KenmrkM. 


Glofied  down. 


Loaded  100  times,  compressing  the  spring  solid  each  time  and  releasing  to  a  load  of  2,300 
pounds  between  each  loading,  after  which  the  spring  tested  as  follows: 
2,300    I        12.81 


2,400 
0 


12.125 

14.90 


No.  10558. 
Buffer  Springs  for  75-millimeter  Mountain  Gun  Carriages. 

DESCRIPTION. 


I 


Springs. 


No.  1. 


No.  2. 


Free  height inches. . 

Numberof  coils I 

Pitch inch.. I 

Exterior  diameter inches. . 

Interior  diameter do — 

Ribbon  


31.65 
54J 


HELICAL   SFBINOS. 
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Buffer  Springs  for  75-millimeter  Mountain  Gun  Carriages^Coii. 

TEST  OF  THE  SPRINGS. 


Applied 
I    loads. 


Finit  spring . 


Second  HpriiiK  . 


Pounds. 
117 
281 
806 
345 
111 

124 
285 
301 
111 


Httight. 


Inches.  , 

21.10 

7.01  1 

6.50  I 

6.48  I 

21.10  I 

21.10  I 

7.01  I 

6.50  [ 

21.10  ' 


Springs  were  closed  down  100  times  from  a  height  of  21'M  to  6".5, 
after  which  they  measured: 

No.  1,  height Inches..  31.03 

Mo.  2,  height do....  81.66 

Again  tested  as  follows: 


Helgiil. 

Loads  Btistained. 

.No.  1. 

No.  2. 

JiKhes. 

21.10 
7.00 
6.50 

21. 10 

Pounds. 
113 
270 
288 
lOH 

Pounds. 
133 
801 
313 
125 

Returned  to  testing 


Assembled  in  gun  and  gun  fired  two  rounds, 
room  and  found  to  measure: 

No.  1,  height inches..  81.08 

No. 2,  height do....  81.94 


Loadn  suMlained. 

Height 

1 

No.  1. 

No.  2. 

Inches. 

Povmds. 

Pounds. 

21.10 

123 

127 

7.00 

281 

288 

6.50 

801 

805 

21.10 

102 

106 

Free  heights  immediately  after  testing: 

No.  1,  height inches..  81.03 

No.  2,  height do....  31.72 

Springs  closed  down  to  height  of  6".  5  each  and  so  remained  for  a 
period  of  72  hours,  after  which  the  free  heights  measured: 


No.  1,  height. 
No.  2,  height. 


.inches...  80.82 
...do....  81.13 


Height. 


Inches. 

21.1 
7.0 
6.5 

21.1 


Loads  sustained. 

No.  1. 

No.  2. 

Ptiumh. 

Pimnds. 

112 

126 

276 

290 

802 

817 

102 

107 
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No.  10025. 
Buffer  Springs  for  75-millimetek  Mountain  Gun  Carriages. 

[Punilshed  April.  1903.] 
UKSCRIITION. 


SprliiKB. 


No.  1. 


No.  2. 


Free  height inches. . 

ICxterior  diameter do ' 

1  nterior  d  lameter do i 

Ribbon  


c — 
t 
*09 


30.35 
2.16 
1.15 


~^<-Int. 

t 
".12 


".09 


30.10 
2.15 
l.ir» 


Z>-Int. 


TEST  OF  THE  SPRINGS. 


^issr '  "«w" 


ReniHricK. 


FirKtHpring. 


'  Pound*. 
0    I 

'      .    106 
124    ' 

I  120    I 

106    I 
0    , 
'^  Spring  closed  down  for  a  period  of  48  hoiirs: 

I  0    I 

Loaded  100  times  from  a  height  of  21'M  to  (V.T.'S,  after 

;  0    , 

Original  tCKt  now  repeated: 

I  105 
I  128 
,  3>6 

121 
105 
I  0 


Inrhet. 
30.35 
22.56 
21.10 
6.60 
21.10 
22.24 
29.95 


('loHed  down. 


Free  height. 


Second  spring . 


Spring  closed  down  for  a  period  of  48  hours: 

I 


0 
105 
112 
816 
118 

las 

0 


29. 6     I  Free  height  after  reletuic. 
which  the  free  height  wa.s: 
-29.63    I 


21.9 
21.1 
6.5 
21.1 
21.9 
80. 

30.10 
22.68 
21.1 
6.6.S 
21.1 
21.8 
29.5 


Cloned  down. 


('loHed  down. 


Free  height. 


0    I      29.25    I  Free  height  after  release. 
Loaded  100  times  from  a  height  of  21M  to  6".75,  after  which  the  free  height  was: 

I  0    I      28.77     1 

Original  test  now  repeated: 


105    ' 

22.4 

1 

114     1 

21.1 

316 

6.65 

(■losed  down. 

109 

21.1 

la's 

21.9 

0 

2s.W> 

1 
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No.  10603. 

Helical  Springs  for  Counterbalance   Device,  12-inch  Disap- 
pearing Carriage,  Model  1901. 

manufactured  at  watertown  arsenal. 

BpedflcaUons  require— 

Diameter,  outside Inchea. .  5. 5 

Diameter  of  wire inch . .  .  m75 

Athcightof  14'»±(K'.5lo«u«Uiin pouiidn..  2,9U0 

Free  height  not  lew  than in<'he8. .  1 7. 8 

Solid  height,  approximate do. . .  10. 5 

Spring  to  bo  compressed  100  timcn    •    *    •    after  which  it  Rhall  Hupport  at  least  2,9U0 

pounds  at  heigh t  of t  inches. .  14  ± 0. 5 

Prior  to  the  test  it  shall  l)e  compressed  solid  00  hours. 

TEST  OF  SPRINGS. 

FIRST  SPRING. 

Spring  closecl  down  for  a  period  of  49  houi*s,  after  which  it  tested 
aj  follows: 

Free  height inches..  17.09 

Load  at  height  of  14'>'.5 pounds..  1.800 

Height  at  load  of  2,900  pounds .inches..  12.98 

Height,  closed  down do...  10.83 

Load,  closed  down pounds..  4,700 

While  unloading: 

Height  at  load  of  2.900  pounds inches..  12.80 

Load  at  heigh t  of  H^.S pounds . .  1 ,  090 

Free  height inches..  17.07 

After  24  houi-s'  rest  without  load  the  height  remained  unchanged. 

No.  10047. 

SECOND  SPR1N<J. 

Free  height inches..  17.66 

Load  at  height  of  14^5 pounds..  2,080 

Height  at  load  of  2.900  pounds Inches. .  18. 56 

Height,  closed  down do. . .  11. 64 

Load .  closed  dow  n poucds . .  4 ,  700 

Height  at  load  of  2.900  poundN inches..  18.40 

Load  at  height  oi  WA pounds. .  2. 100 

Free  beigh  i inches. .  17 .  75 

No  change  in  height  after  compressing  100  times. 
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No.  10609. 
Spiral  Springs  for  Lanyard  Safety  Firincj  Device. 

DESCRIPTION  OF  SPRINGS. 


Markfl. 


Lonjfthof 
ribbon. 


W.... 
X.  Y . 


1 


18 
18 


Cross-section 
dimensions. 


.628x.02ft 
.625X.025 


Exterior 
diameter. 


3.9r> 
3.27 


The  resistances  of  the  springs  were  ascertained  when  each  was 
uncoiled  to  4  inches  diameter,  weighing  the  pull  exerted  at  the  outer 
end  of  the  spiral  at  this  size,  and  then  after  extending  the  end  2  and  3 
feet,  respectively,  reducing  the  coiled  part  of  the  spiral  these  amounts. 


TEST  OF  SPRINGS  MARKED  W. 


Resistance  witli  end  of  spring 
extended — 


No.  of  spring. 


0  feet. 


•2  feet. 


3  feet. 


I    Pounds. 

1 1  2.25 

2 '  1.76 

3 1  1.50 

4 ,  1.25 

5 1  1.50 

1 


TEST  OF  SPRINGS  MARKED  N.  Y. 


Pounds.    1 

Pounds. 

4.00    , 

4.75 

8.25 

8.60 

3.00    1 

6.00 

2.50    , 

3.00 

3.00 

4.25 

ReNihtuuce  with  end  of  spring      I 
extended—  i 


No.  of  spring. 


0  feel. 


2  feet. 


Pounds.  J^ninds. 

1 1.75  I            3.00 

2 2.00  I            3.00 

3 2..'i0  3.00 

4 1.75  I            3.00 

5 1.25  3.00 


3  fe«'t. 


Pounds. 
4.00 
3. 75 

A.m 

3.  25 
3.  7."> 
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INTERNAL   STRAINS   IN   GUN    PORGING8.  105 

Jacket  33381  B,. 

5-INCH  B.  L.  Rifle,  Model  1900. 

Breech  Slice. 

Jacket  was  allowed  to  cool  in  pit,  shut  off  from  the  air,  but  with  no 
heat  other  than  that  of  the  forging  itseK. 
State  of  internal  strains  and  stresses  at  different  phases  of  the  slice. 

SLICE   INTACT. 

Interior  diameter  of  slice,  8".97;  exterior  diameter  of  slice,  15".10. 


RlngR. 


Preaent    |___ ,      _  _* 

mean 
diameters.,  ^enidon.  ,  ^^^^JP'^""  |   Tension.  |  ^S^^' 


I 


1 

;     Inches. 

1      9.1184 

- .    -.     14.90656 

Inch. 
.001&5 

Inch. 

I*ound9. 
5,100 

Pound*. 

2 

.00425 

8,600 

1 

Breech  Slice. 

Interior  diameter,  8".97;  exterior  diameter,  15".10. 
Original  diameters  of  rings  in  the  slice. 


RingH. 

Diameters. 

~      "      1 

A. 

»•     i 

Mean. 

1 

Inche*. 
9. 1206 
14.9113 

Inches,     i 
9.1164 
11.8998 

Inches. 
9.11845 

2 

14.90565 

RINGS  DETACHED. 

Diamotera. 

" 

1 

Rings. 

1 



~  1 

• 

A. 

B.         1 

Mean. 

<    Idetacbed 

1    2detached 

Inches. 
9.1193 
14.9270 

InchfS.     1 
9.1144 
14.8926    ' 

! 

Inches. 
9.11685 
14  9098 

106  INTERNAL   STRAINS   IN   GUN    FORGINGS. 

Jacket  33381  B^. 

Muzzle  Slice. 

Bore,  ".075  eccentric. 

State  of  internal  strains  and  stresses  at  different  phases  of  the  slice. 

SLICE   INTACT. 

Interior  diameter  of  slice,  9";  exterior  diameter  of  slice,  12".45. 


Rings. 


Present 

mean 

diameter. 


Inches, 
9. 137]  5 
12. 14945 


Strains. 

Tendon.      ComP;;- 

Tension.      ''»™P"-*^ 

Inch.             Inch. 
.0011     

Pounds.    1    Pounds. 
3, 600    ' 

.0048 

'        11  yoO 

Muzzle  Slice. 

Interior  diameter,  9";  exterior  diameter,  12".45. 
Original  diameters  of  rings  in  the  slice. 


Rings. 

;. 

DiametoFR. 

1 

Inrheti.      , 
9.1346    1 
12.1539 

Mean. 

1 

Incficit. 
9. 1397 
12. 1450 

Inches. 
9  13715 

2 

12. 14946 

RINGS  DETACHED. 


Rings. 


1  detached  . 

2  detftche<i  , 


A. 


DiauieterK. 

IJ.         I      Mean. 


Inches.  Inches.     I      Ijirhcs.      \ 

9.1379     1        9.1342     ,       9.13605 
12.1628  12.1457     I     12.15425    I 
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Tangential  specimens  taken  from  middle  of  thickness  of  initial 

nsion  slice  5  a-b,  from  5-inch  experimental  tube. 

Se^  report  1901,  p.  361,  for  results  on  internal  strains. 


tuiiniininr^ ^jjinnniniii 

immnmrfL^ NlSinninn! 


No.  7600. 

FIRST  8PECIMKN. 


Diameter,  '\i 

Sectional  area,  .1152  square  inch. 

Gauged  length,  1". 


Applied 
loaas  per 

In  gaugcH 

1  length. 
Set. 

Remarkg. 

Hquiune 
Inch. 

Elonga- 
tion. 

Pounds. 
1,000 
5,000 

Inch. 
0. 

Inch. 

Initial  load, 
Elastic  limit. 

Tensile  Htrcngth. 
-  28  per  cent. 

0. 
.0002 
.0006 
.0009 
.0010 
.0011 
.0012 
.0013 
.0014 
.0015 

0. 
.0085 
.0092 
.0107 
.0112 
.0122 
.0130 
.0140 

10.000 
20,000 

ao,ooo 

85,000 
40,000 

45,000 
47,000 

49,000 
60,000 
1,000 
51,000 
52,000 



53,000 
54,000 
65,000 

56,000 

'        57,000 



58,000 

,0158 
.0167 
.0185 

59,000 

1        60,000 
87,670 

1                ^ 



:::::::::::: 



Elongation  of  inch  section,  ".28. 

Diameter  at  fracture,  ".28;  area,  .0616  scjuare  inch. 

Contraction  of  area,  46.5  per  cent. 

Appearance  of  fracture,  silky. 
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No.  7601. 


SECXDND   SPECIMEN. 

Diameter,  ".386. 

Sectional  area,  .1164  square  inch. 

Gauged  length,  1". 


I    Applied 

I     fiquare 
inch. 


In  gauged  length. 
Elongation.        Set. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45.000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
66,000 
57,000 
68,000 
59,000 
60,000 
89,350 
0 


KemarkH. 


Tnch.  I 

0.  ,. 

.0001  . 

.0003  1. 

.0006  . 

.0009  . 

.0010  . 

.0011  . 

.0012  . 

.0014  1. 

.0028  I. 

.0087  . 

.0091  . 

.0095  I. 

.0101  i. 

.0120  ; 

.0125  '. 

.0132  1. 

.0139  . 

.0151  1. 

.0165  I. 


Inch, 


Initial  load. 


Elastic  limit. 


.30 


Tensile  strength. 
^  90  per  cent. 


Elongation  of  inch  section,  ".30. 

Diameter  at  fracture,  ".28;  area,  .0616  square  inch. 

Contraction  of  area,  47.1  per  cent. 

Appearance  of  fracture,  silky. 


CHEMICAL  ANALYSIS. 


Carbon. 

Manga- 
nese. 

.70 

Silicon. 

Sulphur. 

Phospho- 
rus. 

.60 

.22 

.044 

.026 
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Steel  Castings  for  Gun  Carriages  and  Mounts — Continued. 

CHEMICAL  ANALYSES. 


Marks. 

Carbon. 

Manga- 
nese. 

Silicon. 

Sniphur. 

Phos- 
phorus. 

798-1 

.58 
.26 
.81 

.68 
.78 
.56 

.24 
.82 
.16 

.076 
.074 
.077 

.041 
.040 
.060 

663-llX 

790-2X 
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Tension  Tests  op  Cast  Iron  from  Watertown  Arsenal  Foundry, 


^:^^ 


No.  of 
test. 


Description. 


Tensile 
strength 

per 
square 

inch. 


Fracture. 


Specific 
gravity. 


6794 
6800 
6827 


6842 
6844 
6850 
6862 
6864 
6866 
6867 


6845 
6848 
6851 
6863 
6865 
6868 
6791 
6799 
6801 
6803 
6834 
6836 
6840 
6836 
68S7 


6840 
6860 
6861 
6863 
6870 
6782 
6788 
6786 
6787 
6788 
6792 
6793 
6798 
6801 
6803 
6804 
6806 
6807 
6809 
6810 
6813 
6814 
6818 


6887 
6857 
6868 


76-millimeter  shell 

....do 

3-inch  shell 

....do 

....do 

.  ..do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

10-inch  shot 

....do 

....do 

....do 

....do 

....do 

....do 

12-inch  mortar  shell 

....do 

....do 

....do 

....do 

....do 

....do 

12-inch  mortar  shot 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

16-inch  shot 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

do 

10-inch  disappearing  carriage, 
top  carriage. 

.....do 

....do 

iO-inch  disappearing  carriage, 
chassis. 


Pounds. 
26,800 
20,600 
24,000 
26,600 
29,700 
28,700 
22,800 
28,600 
28,000 
27,900 
21,050 
26,400 
25,600 
80,400 
83,700 
34,100 
28,800 
34.200 
27,400 
85,800 
30,200 
28,800 
80,400 
26,850 
32,200 
29,800 
29,000 
31,900 
28,800 
34,400 
80,900 
29,000 
35,800 
82,500 
31,500 
28,600 
29,590 
29,180 
30,900 
31,800 
30,300 
29,150 
32,980 
29,100 
30,400 
26,350 
27,100 
35,200 
35,900 
35,300 
36,200 
34,900 
32,500 
33,200 

32,100 
33,200 
28.800 
30,050 
30,200 


Fine  granular,  gray 7.021 

.....do 7.870 

Granular,  gray 7.321 

do 

do ' 

Fine  granular,  gray :..|  7.224 

do 


..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do, 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
.do., 
.do., 
.do., 
.do.. 
.do.. 
.do., 
.do., 
.do., 
.do., 
.do., 
.do., 
.do., 
.do., 


•I- 


Fine  granular,  light  gray . 

Fine  granular,  gray 

do 

do. 

do 

Fine  granular,  light  gray. 

Fine  granular,  gray 

do 

....do 

Fine  granular,  light  gray. 

Fine  granular,  gray 

do 

.....do 

do 

Fine  granular,  light  gray. 

do 

do 

do 

do 

do 

Fine  granular,  gray 


Granular,  gray 

Fine  granular,  gray  . 

do 

Granular,  gray 

Fine  granular,  gray  . 


7.186 


7.204 
7.200 
7.198 
7.118 
7.211 
7.227 
7.177 
7.266 
7.176 
7.156 
7.239 
7.177 


7.223 
7.081 
7.222 


7.228 
7.226 
7.191 
7.198 
7.118 
7.196 
7.280 
7.319 
7.212 
7.208 
7.228 
7.181 
7.270 

7.228 
7.268 
7.176 


OAST   IKON. 
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Tension  Tests  of  Cast  Iron  from  Watertown  Arsenal  Foundry — 

ContiDued. 


No.  of 
test 


Description. 


6859  [  10-inch  disappearing  carriage, 
chmwln. 

....do 

6866     do 

6796  lO-lnch  disappearing  carriage 
iMseiing. 

....do. .7:. 

6816     do 

6821     do , 

..do , 

..do 

6841     do 

6788  12-inch  disappearing  carriage 
iMsering. 

6799     do 

MlflCBLLANBOUS. 

From  Builders  Iron  Foundry, 

marks  T  C  T  D  7. 
From  C.  H.  Cowdrey  Machine 

Co.: 
6826  MarkflO , 

6846  MarksAll 

6847  MarksAA 


Tensile 
strength 

per 
square 
inch. 


Pounds. 
29,400 

28,900 
29,800 
81,420 

86,200 
86,100 
28,800 

27,400 
80,900 
29,600 
29,180 

28,800 


22,100 


28,600 
27,800 
26,200 


Fracture. 


Fine  granular,  gray  . 


.do. 
.do., 
.do., 


Fine  granular,  light  gray 

do 

Fine  granular,  gray.    Blowhole 
atcir. 

Fine  granular,  gray 

do 

....do 

....do 


.do.. 


Fine  granular,  gray. 


Granular,  gray 

Fine  granular,  light  gray. 
do 


Specific 
gravity. 


7.202 

7.280 
7.222 
7.160 

7.287 
7.277 
7.164 
7.061 

7.200 
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DRAWN   HEXAGONAL  AND   EHRHARDT  SHRAPNEL  CASES,  AFTER  TESTS  BY  COMPRESSION. 


HEL'OTy?C    CO.,    POSTON. 


SHRAPNEL   CASES.  141 

SHRAPNEL  CASES  RECEIVED  FROM  FRANKFORD  ARSENAL. 

Drawn  Hexagonal  Steel  Case, 
compression  test. 

« 7:Z6  » 


Marks,  75-mm.  V.  M. 

Sectional  area,  about  2.16  square  inches. 

Gauged  length,  6". 


I        Applied  loadK. 


Total. 


Pound9. 

2,160 

10,800 

21,600 

32,400 

48,200 

54.000 

64,800 

76,600 

77,760 

79.920 

82.080 

84,240 

86,400 

88,560 

90,720 

92,880 

96,040 

97,200 

99,860 

101.520 

103,680 

106,840 

108,000 

112,820 

116,640 

120,960 

154,000 


Per  square 
Inch. 


Pounds. 
1,000 
5,000 
10,000 
15.000 
20,000 
25,000 
30,000 
85,000 
86.000 
87.000 
88.000 
39,000 
40.000 
41,000 
42.000 
43.000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
62,000 
54,000 
56,000 
71,300 


In  gauged  length. 


CompreR- 
sion. 


Inch. 

0. 

.0008 
.0016 
.0023 
.0080 
.0037 
.0045 
.0054 


Remarks. 


Set. 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.0001 


Initial  load. 


.0060 

.0062 

.0066 

.0069 
.0072 

.0009 

•  0077 

.0062 

.0065 

.0092 
.0100 

.0023 

.0107 

.0118 

.0180 

.0145 
.0178 

.0067 

.0284 

.0306 

.0213 

Ultimate  strength. 


The  case  buckled  near  the  forward  end.  The  buckling  was  continued, 
the  loads  of  compression  in  the  meantime  gradually  falling  until  the 
case  was  reducea  to  a  length  of  5".  57  over  all.  At  this  stage  the 
average  diameter  over  the  bulged  part  was  4".  10,  and  three  promi- 
nent longitudinal  cracks  opened  on  the  bulge.  These  cracks  were 
about  miawav  the  sides  of  the  interior  hexagon — that  is,  where  the 
walls  were  of  greatest  thickness.  At  a  place  2"  from  the  base  of  the 
shell  the  exterior  diameter  expanded  to  8". 01. 

The  elastic  limit  of  the  metal  is  not  well  defined.  Earlier  sets  were 
shown,  but  the  rate  of  compression  did  not  rapidly  increase  until  a 
load  of  97,200  pounds  total  was  reached. 
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6HBAPNEL    CASES. 


Ehrhardt  Shrapnel  Case. 
Original  length,  8". 2.     Threaded  section  cut  off. 


CX^MPRESSION  TEST. 


^ 


7:80 


.* t        -t 

»      w 

sj  ii 

•  •    i          * 

Ml     1  ; 
1     •/ 

I                        T      1 

GO 

<-Oauged  length  5"    fJ        -^ 

to 

Marks,  168©    C17-N.R. 

Sectional  area,  minimum,  1.30  square  inch. 

Gauged  length,  established  forward  of  the  band,  5". 


Applied  loads. 


Pounds. 
1.800 
6,600 
18,000 
19,600 
26,000 
32,600 
39,000 
45,500 
46,800 
48,100 
49,400 
50,700 
62,000 
53,300 
54,600 
55,900 
57,200 
58,600 
59,800 
61,100 
62,400 
63,700 
65,000 
67,600 
70,200 
72,800 
76.400 
78,000 
80,600 
83,200 
85,800 
88,400 
91,000 
96,600 
96,200 
98,800 
101,400 
104,000 
706,f500 
109,  •J'X) 


Pwmds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
36,000 
37,000 
88,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
62,000 
54,000 
66,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 


In  gauged  length. 


Remarks. 


Inch. 

0. 

.0005 
.0011 
.0017 
.0023 
.0031 
.0037 
.0043 
.0045 
.0046 
.0047 
.0049 
.0050 
.0051 
.0053 
.0054 
.OK)G 
.0057 
.0058 
.0060 
.0061 
.0063 
.0064 
.0067 
.0070 
.0072 
.0076 
.0079 
.0061 
.0083 
.0086 
.0089 
.0092 
.0095 
.0098 
.0101 
.0104 
.0107 
.0110 
.0112 


Inch. 

0. 

0. 

0. 

0. 
.0001 
.0001 
.0001 
.0002 


.0002 


.0003 


.0003 


.0003 


Initial  load. 


.0004 


.0005 


SECTIONAL  VIEWS  OF  DRAWN  HEXAGONAL  AND  EHRHARDT  SHRAPNEL  CASES. 


HELIOTYPE    CO.,    BOSTON. 


SHKAPNEL   CASKS. 
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Applied  loads. 

In  gauged  loads. 

Total. 

Per  square 
inch. 

Ck>mpTe8- 
sion. 

Inch. 
.0116 
.0119 
.0121 
.0125 
.0129 
.0182 
.0186 
.0141 
.0219 

Set. 

Poundt. 
111.800 
114,400 
117,000 
119,600 
122,200 
124,800 
127.400 
130,000 
182.600 
181,800 

Pounds. 
86,000 
88,000 
90,000 
92.000 
94,000 
96,000 
98.000 
100,000 
102,000 
139,460 

Inch. 

.0006 

.6616 

.0077 

Kumarks. 


Ultimate  strenfrth. 


The  case  buckled  near  the  forward  end,  at  the  place  of  minimum  sec- 
tional area.  The  buckling  was  continued,  the  load  of  compression  in 
the  meantime  falling,  until  the  case  was  reduced  to  a  length  of  7". 51 
over  all.  At  this  stage  the  average  diameter  over  the  bulged  part  was 
3". 38,  and  three  longitudinal  cracks  developed  at  the  bulge.  The 
fractures  presented  a  silky,  lamellar  appearance.  The  diameter  of  the 
case  2''  from  the  base,  immediately  in  front  of  the  band,  was  3".01. 


144 


SHRAPNEL    CASES. 

Drawn  Cylindrical  Case, 
compression  test. 


< 

8719 

— » 

K.> 

—        -     ' _ — u 

CM 


':26 


Marks,  3-inch. 

Sectional  area,  1.76  square  inches. 

Gauged  length,  5". 


Applied  loadfl. 


TOUI.       '■"JX*" 


Pounds. 
1,760 
8,750 
17,600 
26,260 
36,000 
48,750 
62,500 
61,250 
63,000 
64,760 
66.600 
68,260 
70,000 
71,760 
73.600 
76,260 
77,000 
78,760 
80,600 
82,260 
84,000 
85,750 
87,600 
91.000 
94,600 
98,000 
101,500 
105,000 
125,500 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25.000 
80.000 
85,000 
86,000 
87,000 
88,000 
39.000 
40,000 
41,000 
42.000 
48.000 
44,000 
45,000 
46.000 
47,000 
48,000 
49,000 
60,000 
62,000 
64,000 
66,000 
58,000 
60,000 
71,710 


In  gauged  length. 


Compre«- 
Blon. 


Inch. 
0. 

.0005 

.0013 

.0022 

.0032 

.0040 

.0048 

.0067 

.0060 

.0062 

.0064 

.0067 

.0070    I 

.0074      . 

.0077      . 

.0081      . 

.0086      . 

.0091     I 

.0098    '. 

.0106    ,. 

.0112     . 

.0118     . 

.0131     I 

.0158    i. 

.0190    I. 

.0230    I. 


Set. 


Remarks. 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0001 


.0005 


.0046 


.0250 


Initial  load. 


Ultimate  strength. 


Walls  bulged  near  the  forward  end  of  the  case.  After  passing  the 
maximum  resistance  deformation  was  continued  until  the  diameter 
over  the  bulge  measured  3".81,  the  length  over  all  now  being  7".15. 
At  a  place  2"  forward  of  the  base  the  diameter  is  3". 02.  Incipient 
fractures  developed  on  the  bulge. 


SHBAPNEL   GASES. 
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SHBAPNEL    OASES. 


TESTS  OF  SHRAPNEL  CASES  BY  MEANS  OF  INTERIOR  HYDROSTATIC 

PRESSURES. 
Cases  tested: 

1  Ehrhardt  case. 

1  Drawn  case,  cylindrical  interior. 

1  Drawn  case,  hexagonal  interior. 

TESTING  ATTACHMENT. 


'Le&thei*  packta^ 
Shrapnel  Cage. 


AJ*— f^'.free  — » 

[Zl       length  of  case  of  reducad 


thickness  of  walls. 


Each  case  turned  to  an  exterior  diameter  of  2".  92,  and -bored  to 
2".715  interior  diameter  for  a  distance  of  5"  of  its  length.  Tests 
were  made  by  means  of  interior  hydrostatic  pressure,  using  the  test- 
ing attachment  above  shown.  This  attachment  consisted  of  a  cylinder 
carrying  a  piston  with  a  cup  leather  packing  at  one  end,  and  counter- 
bored  for  a  distance  of  1"  to  receive  the  shrapnel  case  at  the  other 
end.     A  grooved  recess  carried  a  leather  packing  at  this  end. 

A  yoke,  not  sketched,  was  used  over  the  outside  ends  of  the  cylinder 
and  shrapnel  case,  and  kept  these  parts  together  against  the  hydro- 
static pressure  which  acted  upon  the  annular  surface  of  the  end  of  the 
case,  tending  to  blow  it  away  from  the  cylinder. 

Sectional  area  of  the  piston,  5.79  square  inches. 

EHRHARDT  CASE. 


Applied  loadfl. 

Exterior 
diame- 
ter of 
case. 

Total  load 
on  piston. 

Interior 
pre«ure 
persquare 

Fiber  stress 
on  case  per 

square 

inch. 

Remarks. 

Pound*. 
0 
88,000 
40,000 
45,000 
50,000 
55,000 
59,000 
61,000 
61,200 

Pounds. 
0 
6,563 
6,906 
7,772 
8,636 
9,499 
10,190 
10,535 
10,570 

Pounds. 

0 

92,500 

Inches, 
2.92 

Elastic  limit:  rapid  yielding. 

2.94 
2.96 

2.99 
3.08 
3.10 
8.14 

148,984 

Ultimate  strength. 

Case  ruptured  longitudinally.  Appearance  of  fi-acture,  fine  gran- 
ular, radiating  from  a  spot  of  serrated  metal,  the  place  at  which 
rupture  began. 


SHRAPNEL    CASES. 
DRAWN  CASE,  CYLINDRICAL  INTERIOR. 
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Applied  lo«dB. 

Exterior 
diameter 
of  case. 

Remarks. 

Total  load 
on  piston. 

Interior 
preBBore 

Fiber  stress 

on  case 

persqnare 

inch. 

Pounds, 

0 

82,000 

84,600 

Pounds. 

0 

5,827 

5,976 

Pounds. 
0 

Inches. 
2.92 
2.98 
2.99 

84,230 

Elastic  limit,  rapid  yielding,  and  ultimate  stren^h. 

The  metal  of  the  case  drew  down  alon^  spiral  lines,  which  intersected 
each  other.  Rupture  occurred  in  a  spiral  direction,  the  ends  of  the 
fracture  approacning  a  longitudinal  course.  Appearance  of  fracture, 
fine  granular. 


DRAWN  CASE,  HEXAGONAL  INTERIOR. 


Applied  loads. 

Exterior 
diameter 
of  case. 

Remarks. 

Total  load 
on  piston. 

Interior 

pressure 

per^^re 

Fiber  stress 
on  case 

Pounds. 

0 

30,000 

'       81,000 

81,800 

Poundtt. 

0 

5,1H1 

5,851 

5,492 

Pounds. 

0 

73,030 

Inches. 
2.92 
2.98 
2.95 

Elastic  limit. 
Ultimate  strength. 

77,410 

Longitudinal  line  of  rupture, 
granular. 


Appearance  of  fracture,  medium 
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SHRAPNEL   CASES. 
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PHOTOGRAPH   OF   EHRHARDT  bHRAPNEL  CASE,  AFTER   RUPTURc   RY 
INTERIOR   HYDROSTATIC    PRESSURE. 


MEUOTYPE    CO.,    BOSTON. 
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PHOTOGRAPH   OF  DRAA'N   CYLINORICAL  SHRAPNEL  CASE,  Af-JE'.^   f^UPlV'^E   6^ 
INTERIOR   HYOROSTATiC   PRESSURE. 


MtLiOTVPC    CO..    BOSTON. 


PHOTOGf^APH   OF   DRAWN   HLXAGONAL   SHRAPNEL   CASF,  AFThR   RUPfURh    bY 
INTERIOR   HYOROSTATIC   PRLSSURE. 


HELIOTVPE    CO.,    BOSTON. 
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RESISTANCE  OF  JACKETED  BULLETS  WHEN  FORCED 

THROUGH  THE  BORE  OF  .30-CALIBER 

RIFLE  BARRELS. 
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RESISTANCE    OF   JACKETED   BULLETS.  151 

Jacketed  Bullets  Forced  Through  ^30-caliber  Rifle  Barrels. 

Tests  were  made  with  barrels  having  twist  of  the  rifling  of  1  turn 
in  10"  and  1  turn  in  8",  respectively.  Jacketed  bullets  used  having 
bearing  surfaces  i",  |",  and  i"  long,  respectively. 

No.  10648. 


Barrel  having  twist  of  1  turn  in  10". 
Bearing  of  bullet,  i". 


Re8I8^ 
ance. 

Distance 
traveled. 

Velocity 
mmute. 

! 
obS^St?on. '                                    Uoniiirks, 

Pounds. 

Inches. 

fhot. 

h.   m.    8.      1 

0 

0. 

0. 

1    28      0    I 

97 

.05 

.OW 

1    29      0 

106 

.07 

.003 

1    29    80 

179 

.10 

.003 

1    80    30 

269 

.15 

.008 

1    31      0 

854 

.20 

.008 

1    31    80 

878 
486 

.22 
.25 

'"".m" 

■"i'"88'"6" 

688 

.80 

.004 

1    89      0 

790 

.85 

.004 

1    40      0 

874 

.40 

.006 

1    40    45 

966 

.45 

.017 

1    41      0 

1,007 

.50 

.004 

1    42      0 

1,048 

.55 

.004 

1     13      0 

1,044 

.60 

.008 

1    43    30 

1,088 

.65 

990 

.70 

""".'oi?'" 

*i""4i     "6" 

980 
860 

.75 
.80 

'"".m" 

*'"i"46""6"' 

775 
720 

.90 
1.00 

■••---• 

'"*i'46""6" 

700 
688 

1.10 
1.20 

""".017** 

""*i"47""*6"* 

692 
720 

1.30 
1.40 

"'**"6ii'" 

""i"48*"36*" 

720 

1.50 

.017 

1    49      0 

702 

1.60 

.008 

1    50      0 

676 

1.80 

.017 

1    51      0 

700 

2.00 

.017 

1    52      0 

662 

2.20 

.083 

1    52    80 

658 

2.50 

.017 

1    54      0 

624 

2.80 

.050 

1    54    30 

686 

8.00 

.033 

1    55      0 

635 

3.50 

.(M2 

1    56      0 

615 

4.00 

.042 

1    57      0 

625 

5.00 

.042 

1    59      0 

Changed  pistons. 

565 

684 

5.05 
6.00 

2      9      0 
2    10    30 

"lixa" 

682 

7.00 

.056 

2    12      0 

692 

8.00 

.083 

2    13      0 

685 

9.00 

.056 

2    14    30 

678 

10.00 

.066 

2    16      0 

712 

11.00 

.083 

2    17      0 

Changed  pistons. 

652 

11.05 
12.00 

2    27      0 
2    28      0 

636 

"".m" 

600 

13.00 

.083 

2    29      0 

602 

14.00 

.083 

2    80      0 

573 

15.00 

.083 

2    31      0 

596 

16.00 

.0«3 

2    32      0 

616 

17.00 

.083 

2    33      0 

580 

18.00 

.083 

2    34      0 

571 

19.00 

.083 

2    36      0 

Changed  pistons. 

574 

19.  as 

20.00 

2    45      0 
2    46      0 

588 

"   "'.'679  " 

662 

21.00 

.083 

2    47      0 

Barrel  having  twist  of  one  turn  in  10". 
Bearing  of  bullet,  f". 


Resist- 

Distance 

Velocity 

Time  of 

Remarks. 

ance. 

traveled. 

mmute. 

observation. 

Pounds. 

Inches. 

Foot. 

h.    m.     ft. 

0 

0. 

10    61     0 

42 
86 
180 
195 
278 
342 

.06 
.10 
.15 
.20 
.25 
.30 

'"".(m" 

"i6'*54**'6** 

422 
604 
686 
665 
760 
830 
862 

.85 
.40 
.45 
.50 
.55 
.60 
.65 

'"".m" 

"i6*'68'"6" 

874 
875 
825 
812 

.70 
.75 
.80 
.90 

"**.*6i6** 

"ii'"66""6"* 

782 
780 
776 

1.00 
1.10 
1.20 

**".'625" 

*"ii"6i"*6'* 

755 
792 

1.30 
1.50 

"*"*6i3  " 

"ii"  d3""6'" 

808 

1.80 

.017 

11    04    80 

922 

2.00 

.011 

11  06    0 

956 

2.20 

.088 

11    06    30 

1,008 

2.50 

.025 

11    07    30 

916 
898 

2.80 
3.00 

".642" 

"n"i»"s6" 

783 

3.50 

.028 

11  10    0 

760 

4.00 

.042 

11  11    0 

770 

5.00 

.042 

11    13     0 

Changed  pistons. 

737 
916 

5.05 
6.00 

11    21      0 
11    23      0 

'"".'646"" 

978 

7.00 

.056 

11    24    30 

998 

8.00 

.083 

11    25    30 

970 

9.00 

.067 

11    26    45 

948 

10.00 

.067 

11    28      0 

962 

U.OO 

.063 

11    29      0 

Changed  pistons. 

953 
912 

11.03 
.12.00 

11    36      0 
11    37      0 

•"■•--• 

830 

13.00 

.111 

11    87    45 

861 

14.00 

.111 

11    38    30 

832 

15.00 

.083 

11    39    30 

850 

16.00 

.111 

11    40    15 

852 

17.00 

.111 

11    41      0 

846 

18.00 

.167 

11    41    80 

838 

19.00 

.083 

11    42    30 

Changed  pistons. 

944 
905 

19.01 
19.05 

-■•  —  •- 

11    51      0 
n    52    80 

SS9 

20.0ft 

.fi^lS 

11    PV4    1-j 

1         BW 

2rot> 

jm 

11    56      U 

000 

21.iK» 

'         820 
490 

21.40 

aw 

*il.TO 

RESISTANCE   OF  JACKETED    BULLETS. 

No.  10650. 

Barrel  having  twist  of  one  turn  in  10", 
Bearing  of  bullet,  i". 
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ReaUt- 
ance. 

Distance 
traveled. 

Velocity 
mnmte. 

Time  of 
observation. 

Remarks. 

Pound*. 

Inehei. 

fbot. 

h.  m.     ». 

0 

m 

184 

0. 
.05 
.10 
.15 



I    06     0 




............ 

184 
232 
275 

.20 
.25 
.80 

1 

!!!!"!!!!'*.!!  1 !!!!!!!!! ! 

828 
884 
430 

.85 
.40 
.45 

1 ***!!!!! 

".m" 

"*i"i2"'6" 

496 
668 
656 
756 
788 
806 
800 

.50 
.55 
.60 
.65 
.70 
.75 
.80 

••■•»••••• 

'"".wi" 

"i'is'io" 

720 

.90 

.011 

1    16    15 

606 

1.00 

.017 

1    16    45 

710 
784 

1.10 
1.20 

*  **."6i6' 

"*i"l8"86" 

788 

1.80 

.017 

1    19     0 

780 

1.60 

.022 

1    19    45 

826 

1.80 

.025 

1    20    45 

880 

2.00 

.083 

1    21    15 

876 

2.20 

.088 

1    21    45 

084 

2.60 

.068 

1    22    80 

876 

8.00 

.042 

1    23    80 

816 

8.60 

.042 

1    24    80 

706 

4.00 

.066 

1    25    15 

730 

5.00 

.048 

1    27      0 

Changed  x»i8tonB. 

690 
704 

5.02 
6.05 

1    83      0 
1    84      0 

""''(K»" 

862 

6.00 

.026 

1    87      0 

1.024 

7.00 

.066 

]    88    80 

1,060 
990 

7.80 

8.00 

"".656' 

"'i"46  "6" 

908 

9.00 

.067 

1    41    15 

1,000 

10.00 

.067 

1    42    80 

1,096 

11.00 

.088 

1    43    80 

Changed  pistons. 

982 
1.060 

11.05 
11.70 

1    66      0 

1,020 

12.00 

"".'oio" 

'■"i'is'o" 

940 

18.00 

.088 

1    59      0 

845 

14.00 

.063 

2     0      0 

826 

16.00 

.068 

2    01      0 

848 

16.00 

.083 

2    02      0 

881 

17.00 

.083 

2    08      0 

910 

18.00 

.083 

2    04      0 

946 

19.00 

.063 

2    05      0 

Changed  pistons. 

960 

19.02 

2    16      0 

916 

19.06 

"""005  ' 

2    16    80 

1.010 

20.00 

.158 

2    17      0 

1,020 

21.00 

.083 

2    18      0 

700 

21.40 
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RESISTANCE   OF  JACKETED    BULLETS. 
No.  10651. 


Barrel  having  twist  of  one  turn  in  10". 
Bearing  of  bullet,  i". 


Resist- 

Distance 

Velocity 

Time  of 

RemarkH. 

ance. 

traveled. 

mmute. 

observation. 

Poundft, 

Inches. 

Fool. 

h.  m.    8. 

0 

0. 
.05 
.10 
.15 
.20 
.25 

3    12     0 

85 

64 

102 

167 

280 

.007 

3    15     0 

295 

.80 
.35 
.40 
.45 

872 

460 
545 



.006 

8    17      0 

616 
710 

.50 
.65 

.008 

8    18      0 

768 
778 

.60 
.65 

• 

.007 

3    19    15 

796 
800 
770 
715 
712 

.70 
.75 
.80 
.85 
.90 

.012 

8    21      0 

780 

1.00 

730 

1.10 

.022 

3    21    45 

756 

1.20 

.017 

3    22    15 

793 

1.30 

.083 

3    22    30 

788 

1.50 

.022 

3    28    15 

925 

1.80 

.025 

3    24    15 

958 

2.00 

.022 

8    25      0 

976 

2.20 

.038 

3    25    80 

953 

2.50 

.063 

8    26    15 

840 
940 

2.80 
3.00 

.038 

3    27    30 

918 

3.50 

.042 

8    28    80 

896 

4.00 

.042 

3    29    80 

940 

5,00 

.083 

3    30    30 

Changed  pistons. 

858 
914 

5.01 
5.05 

3    38      0 
8    39    45 



.002 

1,030 

6.00 

.045 

3    41    SO 

1,036 

7.00 

.066 

3    43      0 

1.096 

8.00 

.083 

3    44      0 

1,124 

9.00 

.063 

8    45      0 

1,160 

10.00 

.083 

8    46      0 

1,145 

11.00 

.083 

3    47      0 

C^hanged  pistons. 

1,050 

11.05 
11.80 

8    55      0 

1,180 

, 

;      1,140 

12.00 

.063 

8    56    15 

1,220 

12.60 

1,130 

18.00 

.048 

3    58      0 

1, 121 

14.00 

.088 

3    59      0 

,      1,197 

15.00 

.167 

3    59    30 

1,155 

16.00 

.111 

4      0    15 

1,182 

17.00 

.083 

4    01    15 

1 

1.284 

18.00 

.111 

4    02      0 

1,300 

19.00 

.083 

4    03      0 

! 

I 


Ballet 
1,280 
1,046 
1,058 
1,070 
1,080 
1,150 
1,390 
1,640 
1,640 
1,610 
1,670 
1,450 
1,000 
700 
400 
0 


remained  in  barrel  17  hours,  after  which  the  test  was  completed. 
19.01 
19.02 
19.03 
19.04 
19.05 
19.10 
19.50 
20.00 
20.30 
20.50 
20.80 
21.00 
21.40 
21.60 
21.65 
a  21. 85 


a  Approximate. 


RESISTANCE   OF   JACKETED    BULLETS. 
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TESTS  ON  THE  MAXIMUM   RESISTANCE  OF  BULLETS   FORCED  THROUGH  THE  BARREL 
AT  A  SPEED  OF  ABOUT  1  FOOT  PER  MINUTE. 


Barrel  having  twist  of  one  turn  in  10". 


No.  of  test. 

Bearing  of 
bullet. 

Mazlmuni 
redstance. 

Remarks. 

106S2 

10658 
10654 

Inch, 

i 

1 

Pounds, 
1,800 

2,aoo 

1,700 

1,460  poundfl  reaistaiice  until  bullet  had  travelwl  nearly 
through. 

Tlie  barrels  were  perceptibly  warmed  during  the  passage  of  the 
bullets  at  1  foot  per  minute  velocity. 
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RESISTANCE   OF  JACKETED    BULLETS. 
No.  10666. 


Barrel  haying  twist  of  one  turn  in  8". 
Bearing  of  bullet,  i". 


Resist- 
ance. 

Distance 
traveled. 

Velocity 
per  min- 
ute. 

Time  of 
observation. 

Remarks. 

PouneU. 

Inche». 

fbot. 

h.    m.    8. 

0 

0. 
.06 

12    66     0 

66 

101 

.10 
.16 
.20 

176 

244 

'"".wk" 

"i2"68"'6" 

863 

.25 
.30 

462 

688 

.35 

688 

.40 
.46 

788 

'■*".'6i6" 

*"i  "'6  "6  ■ 

866 

.60 

892 

.66 

934 

.60 

**'*.*6i6"" 

"*i"6i"i5" 

966 

.66 

966 

.70 

936 

.75 

■".oio  " 

"'i"62"86" 

890 

.80 

838 

.90 

"".m" 

"Tos'so" 

780 

1.00 

.011 

1    04    16 

764 

1.10 

.017 

1    04    45 

762 

1.20 

.011 

1    06    30 

783 

1.30 

.017 

1    06      0 

828 

1.60 

.022 

1    06    46 

806 

1.80 

.020 

1    08      0 

804 

2.00 

.022 

1    08    45 

818 

2.20 

.033 

1    09    15 

826 

2.50 

.026 

1    10    16 

808 

3.00 

.033 

1    11    80 

825 

3.60 

.066 

1    12    15 

792 

4.00 

.066 

1    13      0 

. 

793 

6.00 

.088 

1    14      0 

Changed  pistons. 

640 

6.02 

1    28      0 

690 

6.06 

"".668  ' 

1    24      0 

746 

6.00 

.040 

1    26      0 

780 

7.00 

.083 

1    27      0 

767 

8.00 

.063 

1    28      0 

804 

9.00 

.083 

1    29      0 

777 

10.00 

.063 

1    SO      0 

787 

11.00 

.083 

1    81      0 

Changed  pistons. 

040 

11.01 

1    89      0 

640 

11.02 

640 

11.03 
11.04 
11.06 
11.08 
11.10 

660 

1 

666 

666 

666 

'  ".'663" 

"i"4i"86  " 

710 

11.60 

.033 

1    42    80 

667 

12.00 

.083 

1    43      0 

658 

18.00 

.083 

1    44      0 

686 

14.00 

.063 

1    46      0 

650 

15.00 

.063 

1    46      0 

666 

16.00 

.083 

1    47.     0 

648 

17.00 

.083 

1    48      0 

657 

18.00 

.083 

1    49      0 

648 

19.00 

.083 

1    50      0 

Changed  pistons. 

486 
682 

19.01 
19.02 

2    08    80 

676 
678 
678 

19.08 
19.04 
19.06 

"".'66i  " 

■*2"ii"i6" 

686 

19.10 

.017 

2    11    SO 

692 

19.20 

.008 

2    12    80 

628 

20.00 

.033 

2    14    SO 

6*26 

21.00 

.066 

2    16      0 

860 

21.60 

BESI8TAKGE   OF  JACKETED   BULLETS. 
No.  10666. 
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Barrel  having  twist  of  one  turn  in  8". 
Bearing  of  bullet,  |". 


Resist- 

Distance 

Velocity 

Time  of 

Remarks. 

ance. 

traveled. 

mmute. 

observation. 

Pound$. 

Inches, 

Foot. 

h.   m.    8. 

0 

54 

92 

152 

282 

0. 
.05 
.10 
.15 
.20 

2    40     0 

"  *".'66i " 

■**2*43*'45** 

802 
870 
447 
625 

.25 
.80 
.86 
.40 

■"*."668"' 

'i'ib'd" 

628 

.45 

.006 

2    46    80 

700 

.50 

.008 

2    47      0 

812 

.65 

.008 

2    47    80 

894 

.60 

.008 

2    48      0 

925 
942 

.66 
.70 

'".m" 

*"2"49*"*6" 

956 
922 

.75 
.80 

......... 

"2"i9"Ah" 

861 

.90 

.011 

2    60    30 

888 

1.00 

.011 

2    61    16 

812 

1.10 

.017 

2    51    45 

806 

1.20 

.017 

2    62    15 

814 
828 

1.80 
1.60 



.026 

*  "2**53"  i6" 

874 

1.80 

.088 

2    54      0 

920 

2.00 

.083 

2    54    80 

942 

2.20 

.083 

2    55      0 

947 

2.50 

.050 

2    65    SO 

954 

8.00 

.066 

2    56    15 

984 

8.50 

.056 

2    57      0 

1,000 

4.00 

.088 

2    67    80 

1,068 

6.00 

.067 

2    58    46 

Changed  pistons. 

920 

966 

1.049 

5.01 
5.05 
6.00 

8    08    80 

■'.066" 

'**8  *64"45" 

1,095 

7.00 

.067 

8    06     0 

1,113 

8.00 

.067 

8    07    15 

1,152 

9.00 

.088 

8    08    15 

1,126 

10.00 

.063 

8    09    15 

1,146 

11.00 

.088 

8    10    15 

Changed  pistons. 

1,185 
1,100 

11.01 
11.05 

8    18    80 
8    20     0 

""'.'602'* 

1,295 

11.50 

.088 

8    21      0 

1,800 

12.00 

.056 

8    21    45 

1,126 

18.00 

.056 

8    23    15 

1,063 

14.00 

.067 

8    24    80 

1,100 

15.00 

.068 

3    25    80 

1,105 

16.00 

.067 

3    26    45 

1.218 

17.00 

.068 

3    27    45 

1,285 

18.00 

.068 

8    28    45 

1.243 

19.00 

.088 

3    29    45 

Changed  piston-. 

900 
1.200 
1,182 
1.146 

19.01 
19.08 
19.05 
20.00 

8    86    80 

'"".m" 

*  *8 '89 "ao" 

1,125 

21.00 

.068 

8    40    80 

640 

21.50 
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BESI8TANCE   OF  JACKETED   BULLETS. 
No.  10057. 


Barrel  haying  twist  of  one  turn  in  8". 
Bearing  of  bullet,  i". 


ance. 

Distance 
traveled. 

Velocity 
mmute. 

Time  of 
obflervation. 

RemarlcK. 

Founds, 

Inches. 

Foot. 

*.  m.    8. 

0 
38 
60 

0. 
.05 
.10 
.15 

9    14     0 

[' *  ]  [\\\]\\ ,/,] 

102 

//////,'.'.. \. '.'.'.'/.'.'.'.'.'.'.'.'. 

162 

.20 

' 

196 
256 

.25 
.30 

814 
876 
446 
520 

.36 
.40 
.46 
.50 

"■.ooi" 

"Y'ii'ao** 

502 

.55 

662 

.60 

710 

.66 

'".(M" 

"i  *28'"45'" 

748 

.70 

.......... 

768 

.76 

'  "9* '24'  96*" 

767 

.80 

.006 

9    25     0 

766 

.90 

.011 

9    25    45 

762 

1.00 

.017 

9    26    15 

724 

1.10 

.088 

9    26    80 

702 

1.20 

.017 

9    27      0 

706 

1.30 

.017 

9    27    80 

761 

1.60 

.022 

9    28    16 

802 

1.80 

.026 

9    29    16 

834 

2.00 

.067 

9    29    90 

859 

2.20 

.022 

9    80    15 

884 

2.50 

.050 

9    SO    46 

930 

3.00 

.042 

9    31    46 

926 

8.60 

.056 

9    82    SO 

966 

.     4.00 

.066 

9    S3    15 

1,013 

5.00 

.063 

9    84    16 

Changed  pistODS. 

800 
896 

6.01 
6.02 

9    41    45 

896 

5.03 

896 

5.04 

898 

6.06 

940 

6.10 

'"".m" 

"Vii'so" 

1,052 

6.00 

.075 

9    45    30 

1,106 

7.00 

.067 

9    46    45 

1,156 

8.00 

.083 

9    47    45 

1,182 

9.00 

.083 

9    48    45 

1,115 

10.00 

.063 

9    49    45 

1,077 

11.00 

Changed  pistons. 

985 
975 

11.01 
11.03 

9    56    15 

984 

11.06 

'"".om" 

"'9'*58**i5" 

1,022 

11.10 

.003 

9    50    30 

1,080 

12.00 

.080 

10    02      0 

1,112 

13.00 

.067 

10    03    15 

1,156 

14.00 

.083 

10    04    15 

1,198 

15.00 

.063 

10    06    15 

1,142 

16.00 

.083 

10    06    15 

1,140 

17.00 

.083 

10    07    16 

i;042 

18.00 

.083 

10    08    15 

1,062 

19.00 

.083 

10    09    15 

Changed  platona 

700 
970 

19.01 
19.08 

10    14    15 

968 

19.06 

'*".'66i'" 

**l6**i6"86"' 

962 

19.10 

.006 

10    17      0 

998 

20.00 

.060 

10    18    16 

1,060 

21.00 

.167 

10    18    46 

BE8I8TANCJS   OF  JACKETED   BULLETS. 
No.  10668. 
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Barrel  having  twist  of  one  turn  in  8". 
Bearing  of  bullet,  i". 


Resist- 
ance. 


Remarks. 


Changed  pistons. 


Changed  pistons. 


Changed  pistons. 


4 — i-l 


-M-i— 


++->- 


-+■- f  H  H- 


J^ 


h 


:•  :^^ 


•  « 


f 


■^ 


a 


^T^.  l^O 
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BE8I8TAK0E   OF  JACKETED   BULLETS. 


TESTS  ON  THE  MAXIMUM  BBSISTANCE  OP  BULLETS  FORCED  THROUGH  THE  BARREL. 
AT  A  SPEED  OF  ABOUT  1  FOOT  PER  MINUTE. 


Barrel  having  twist  of  one  turn  in  8  inches. 


Ncoftert. 

Be«in«of 
bullet. 

Maximum 
resistance. 

Remarks. 

Indi. 

Pknmds. 

10659 

890 

10660 

' 

l.«0 

10661 

1,800 

10662 

. 

1,220 

10668 
10664 

1,660 
1,640 

Additional  teeto  with  barrel  htLving  twist  of  one  turn  in  10  inches.                                              [ 

10666 

^ 

1,000 

10666 
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10867 

2,020 

10668 
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CARBON    AND   NICKEL   STEEL   INGOTS.  169 

Carbon  and  Nickel  Steel  Ingots. 

TENSILE  TESTS  MADE  ON  UNFORGED  BARS  AFTER  TREATMENT  BY 
HEATING  AND  QUENCHING;  ALSO  TE^TS  ON  BARS  DRAWN  DOWN 
UNDER  THE  HAMMER  AT  DIFFERENT  TEMPERATURES. 

CHEMICAL  ANALYSES. 

Carbon-steel  Ingot: 

Carbon 20 

Manganese 68 

Silicon 016 

Phosphorus 017 

Nickel-steel  ingot: 

Carbon 17 

Manganese 68 

Silicon 016 

Phosphorus 010 

Nickel 8.26 

In  the  details  of  the  tests  are  recorded  the  expansions  of  the  steel 
bars  when  taken  from  the  heating  furnace  and  immediately  prior  to 
being  drawn  down  under  the  hammer.  Initial  measurements  of  their 
lengths  were  taken  before  heating  and  again  when  hot,  the  difference 
representing  the  expansion  of  the  metal.  Measurements  on  the  hot 
bars  are  approximate,  the  formation  of  scale  on  the  surfaces  and  the 
rapid  change  in  temperature  when  withdrawn  from  the  furnace  pre- 
venting a  more  accurate  determination  of  the  expansion.  The  hot 
bars  were  taken  at  once  to  the  hammer,  where  they  were  drawn  down 
and  finished  with  as  little  loss  in  temperature  as  practicable.  The 
temperature  color  of  the  hot  bars  is  given  in  each  case. 


170  GABBON    AND   NICKEL   8TBEL   INGOTS. 

Metal  fkom  16"  by  18"  Carbon-Steel  Ingot. 

unforged  specimens  after  heat  treatment  of  the  steel. 

No.  7627. 

Heated  to  a  straw  color,  cooled  in  dry  sand. 

Marks,  C2,  A'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
6.000 
10.000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
24,000 
26,000 
28,000 
80,000 
32,000 
84,000 
86.000 
88.000 
40,000 
42,000 
44.000 
46,000 
48.000 
50.000 
52,000 
54.000 
0 

Inch, 

0. 

.0003 
.0009 
.0014 
.0016 
.0018 
.0028 
.0048 

Inch, 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 
=  15.8  per  cent. 

.0071 
.0090 

.0049 

.0120 

.0198 

.0265 

.0840 

.0488 

.0530 

.0665 

.0788 

.0920 

.1070 

.18 

.15 

.19 

.21 

.26 

.82 

.45 

.46 

.  .     ....... 

.0895 

.1015 

.12,  ".20*,  ".16. 


Elongation  of  inch  sections. 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Appearance  of  fracture,  granular,  silvery  luster. 


CARBON   AND   NICKEL   STEEL   INGOTS. 
No.  7628. 
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Heated  to  a  blue,  cooled  in  dry  sand. 

Marks,  C2,  B'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loiLdsper 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

PountU. 
1,000 
6,000 
10,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21.000 
22,000 
24,000 
26.000 
28.000 
83,0J0 
82.000 
84.000 
86.000 
88,000 
40,000 
42,000 
44.000 
46.000 
48,000 
60,000 
62.000 
64,000 
0 

Inch, 
0. 
.0002 

.0006 

.0012 

.0014 

.0017 

.0028 

.0046 

.0072 

.0085 

.0140 

.0280 

.0865 

.0«62 

.0670 

.0600 

.0660 

.0780 

.0028 

.1120 

.14 

.16 

.19 

.22 

.26 

.88 

.48 

.47 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 
=15.7  per  cent. 

.0060 

.0626 

.1066 

Elongation  of  inch  sections,  ".12,  ".15,  ".20*. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Appearance  of  fracture,  granular,  silvery  luster. 
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OABBON   AND   NICKEL   STEEL   INGOTS. 

No.  7629. 


Heated  first  red  (1,000°  F.d=),  cooled  in  dry  sand. 

Marks,  C2,  C. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
26,000 
28,000 
30,000 
32,000 
34,000 
86,000 
38,000 
40,000 
42,000 
44.000 
46,000 
48,000 
60,000 
52,000 
54,000 
66,000 
56,800 
0 

Inch. 

0. 

.0004 
.0010 
.0016 
.0018 
.0019 
.0020 
.C021 
.0024 
.0030 
.0046 
.0070 
.0100 
.0173 
.0258 
.0343 
.0421 
.0528 
.0642 
.0780 
.0924 
.1060 
.14 
.16 
.18 
.21 
.25 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=17  per  cent. 

.0003 

.0303 

.0870 

.83 
.44 

.::::::::::: 

.51 



.21*,  ".15. 


Elongation  of  inch  sections,  ".15, 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  21.4  per  cent. 

Appearance  of  fracture,  granular,  silvery  luster. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE 'SPECIMEN  C2-C',  NO.  7629,  CROSS  SECTION. 

16-iNCH  BY  18HNCH  CARBON  STEEL  INGOT.    MAGNIFICATION  63  DIAMETERS. 

STEEL  HEATED  FIRST  RED  AND  COOLED  IN  DRY  SAND. 


HEL'OTVPf    CO.,   ftOSTON. 


OABBOK   AND  NICKEL   8TEEL   INGOTS. 

No.  7630. 

Heated  cherry  red  (1,150°  F.  db),  cooled  in  dry  sand. 

Marks,  C2-D'. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

sqoaie 

inch. 

In  gauged  length. 

Remarka. 

Elonga- 
tion. 

Bet. 

Pmtnds. 
1,000 
5,000 
10,000 
15,000 
16.000 
17.000 
18,000 
19.000 
20.000 
21,000 
22,000 
28,000 
24,000 
25,000 
28,000 
28,000 
80,000 
32,000 
34,000 
86,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
52,000 
54,000 
56,000 
56.400 
0 

Inch. 

0. 

.0008 
.0010 
.0014 
.0017 
.0019 
.0020 
.0028 
.0084 
.0049 
.0070 
.0101 
.0126 
.0157 
.0207 
.0289 
.0881 
.0504 
.0572 
.0702 
.0880 
.0978 
.12 
.14 
.16 
.19 
.28 
.27 
.88 
.47 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit. 

=19.7  per  cent. 

.0011 

.0842 

.0921 

.59 

Elongation  of  inch  sections,  ".23*,  ".21,  ".15. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
Appearance  of  fracture,  granular,  silvery  luster. 
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OABBON   AND   NICKEL   STEEL   INGOTS. 
No.  7631. 


Heated  low  yellow,  cooled  in  dry  sand. 

Marks,  C2,  E'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

i 

Elongar 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10.000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
25,000 
26,000 
27,000 
28.000 
29,000 
80,000 
82,000 
84,000 
86,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
62.000 
64,000 
66,000 
68,000 
59.920 
0 

Inch, 

0. 

.0006 
.0010 
.0017 
.0019 
.0020 
.0021 
.0024 
.0028 
.0081 
.0087 
.0039 
.0044 
.0049 
.0058 
.0059 
.0065 
.0075 
.0098 
.0220 
.0365 
.0446 
.0548 
.0650 
.0749 
.0870 
.1000 
.12 
.14 
.16 
.18 
.22 
.28 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit. 

.0004 

.0018 

.0060 

.0696 

Tensile  strength. 
=18.8  per  cent. 

.40 

Elongation  of  inch  sections,  ".12,  ".10,  ".18*. 
Diameter  at  fracture,  ".51;  area,  .2043  square  inch. 
Contraction  of  area,  18.3  per  cent. 

Appearance  of  fracture,  granular,  50  per  cent;  dull  amorphous,  50 
per  cent. 


CABBON    AND   NICKEL   STEEL    INGOTS. 
No.  7632. 

Heated  bright  yellow,  cooled  in  dry  sand. 

Marks,  C2,  F. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

Muare 
Tnch. 

In  ganged  length. 

Remarlu. 

Elonga- 
tion. 

Set. 

JPoundt. 
1,000 
5,000 
10.000 
15,000 
20,000 
25,000 
80.000 
85.000 
40,000 
41.000 
42,000 
88.000 
89.000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
60,000 
64,000 
65,860 
0 

Inch. 

0. 

.0008 
.0009 
.0014 
.0020 
.0025 
.0081 
.0087 
.OOU 
.0048 
.0047 
.0090 
.0182 
.0660 
.0560 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

iDitUl  load. 
Elastic  limit. 

Load  fell. 

.0619 

.0658 

.0717 

.0820 

.0940 

.1096 

.18 

.15 

.17 

.24 

.88 



.1028 

1 

Tensile  strength. 

.55 

=18.8  per  cent. 

1 

Elongation  of  inch  sections,  ".15,  ".22*,  ".18. 
Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 
Contraction  of  area,  27.6  per  cent. 
Appearance  of  f  lucture,  dull  amorphous,  oblique. 
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CABBON   AKD   NICKEL   STEEL  £NOOT8. 

No.  7633. 


Heated  white  hot,  cooled  in  dry  sand. 

Marks,  C2,  G'. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loaasper 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15.000 
20,000 
25,000 
80,000 
35,000 
36,000 
33,000 
34,000 
35,000 
86,000 
37,000 
88.000 
39,000 
40,000 
42,000 
44,000 
46,000 
48.000 
60,000 
52,000 
54.000 
66,000 
60,000 
64,000 
65,520 
0 

Inch. 

0. 

.0003 
.0010 
.0016 
.0020 
.0026 
.0081 
.0088 
.0040 
.0091 
.0240 
.0336 
.0368 
.0400 
.0432 
.0468 
.0525 
.0590 
.0712 
.0821 
.0933 
-.1080 
.13 
.15 
.17 
.23 
.36 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

ElasUc  limit 
Load  fell. 

Tensile  strength. 
=  18.3  per  cent. 

.0470 

.lOU 

.66 

Elongation  of  inch  sections,  ".15,  ".26*,  ".14. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Appearance  of  fracture,  dull  amorphous,  oblique. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C2-G  ,  NO.  7633,  CROSS  SECTION. 

16-INCH  BY  18-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED   WHITE  HOT  AND  COOLED  IN   DRY  SAND. 


HELIOTVPE    CO..    BOSTON. 


OABBOK   AND   NICKEL   STEEL   INGOTS. 
No.  7634. 
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Scintillating^  beat,  cooled  in  dry  sand. 

Marks  C2,  H'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  S". 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elongation. 

Set. 

Povndt. 
1,000 
6,000 
10,000 
16,000 
20.000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
81,000 
82,000 
83,000 
341000 
85,000 
86,000 
88,000 
40,000 
42,000 
44,000 
46.000 
48,000 
50,000 
63,000 
64,000 
66,000 
60,000 

Inch, 
0. 
.0008 

.0010 
.0015 
.0021 

Jnch, 

0. 

0. 

0. 

0. 

0, 

InlUalload. 
Elastic  limit. 

Tensile  strength. 
B  18.7  per  cent 

.6690 

.0085 
.0088 

.0041 

.0046 

.0067 

.0068 

.0111 

.0180 

.0168 

.0192 

.0228 

.0810 

.0890 

.0470 

.0690 

.0685 

.0792 

.0968 

.12 

.14 

.16 

.28 

.45 

.66 

.0008 

.0022 

.oibb" 

.0841 

.0691 

Elongation  of  inch  sections,  ".19,  ".25*,  ".12. 
Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 
Contraction  of  area,  27.6  per  ceot. 
Appearance  of  fracture,  dxQl  amorphous. 


H.  Doc.  521,  56-2- 


-12 
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CARBON   AND   NICKEL    STEEL   INGOTS. 

Ko.  7636. 


Heated  white  hot,  quenched  in  oil. 

Marks,  C2,  V. 

Diameter,  ".606. 

Sectional  area,  .20  square  inch. 

Gauged  length,  3". 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
25,000 
80,000 
85,000 
40,000 

solSoo 

55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
95,000 
96,600 
0 

Inch. 

0. 
.0005 
.0011 
.0016 
.0020 
.0026 
.0033 
.0040 
.0049 
.0059 
.0070 
.0087 
.0108 
.0140 
.0200 
.0820 
.0483 
.0691 
.10 
.14 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0008 
.0010 
.0016 
.0027 
.0040 
.0065 
.0118 
.0227 
.0385 
.0582 

IniUal  load. 

TensUe  strength 
=6.3  per  cent. 

.19 

Elongation  of  inch  sections,  ".06,  ".04,  ".09*. 
Diameter  at  fracture,  ".47;  area,  .1736  square  inch. 
Contraction  of  area,  13.2  per  cent. 

Appearance  of  fracture,  granular,  60  per  cent;  dull  amorphous,  40 
per  cent. 


H^'V 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C2-1  ,  NO.  7635,  CROSS  SECTION. 

16HNCH  BY  18-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  WHITE  HOT  AND   QUENCHED  IN  OIL. 


HEnOTVPf    CO..    BOSTON. 


PHOTOMICROGRAPHS  OF  STEM  OF  TENSILE  SPECIMEN  C2-j',  NO.  7636,  CROSS  SECTION. 

16-INCH  BY  18-INCH  CARBON  STEEL  INGOT.      MAGNIFICATION  OF  EACH  53  DIAMETERS. 

STEEL  HEATED  WHITE  HOT  AND  QUENCHED  IN  BRINE. 


HELIOTYPE    CO.,    BOSTON. 


CARBON    AND   NICKEL   STEEL   INGOTS. 
No.  7636. 
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Heated  white  hot,  quenched  in  brine. 

Marks,  C2,  J'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applietl 
loads  per 

111  fnitu^ed  length. 

Kemarki. 

oquare 
Inch. 

Elon^- 
Uon. 

Set. 

Pound*. 

Inch. 

Inch. 

1,000 

0. 

0. 

Initial  load. 

5,000 

.0008 

0. 

10,000 

.0010 

0. 

15.000 

.0014 

0. 

20,000 

.0020 

0. 

'25,000 

.0026 

0. 

30,000 

.0081 

0. 

35,000 

,0087 

0. 

40,000 

.0042 

0. 

• 

45,000 

.0019 

0. 

50,000 

.0054 

0. 

55,000 

.0060 

.0001 

60,000 

.0067 

.0001 

65.000 

.0072 

.0002 

70,000 

.0079 

.0008 

75,000 

.0087 

.0006 

80,000 

.0098 

.0006 

85.000 

.0100 

.0006 

90.000 

.0107 

.0009 

100,000 
110,000 

.02- 

.02+ 

120,000 

Tensile  strength. 

0 

.'62"**" 

=0.7  per  cent. 

Elongation  of  inch  sections,  ".00,  ".02*,  ".00. 
Diameter  at  fracture,  ".56;  area,  .2463  square  inch. 
Contraction  of  area,  1.5  per  cent. 

Appearance  of  fracture,  granular,  radiating  from  a  point  in  the 
circumference. 
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CARBON    AND    NICKEL    STKEL    INGOTS. 

No.  7637. 


Heated  white  hot,  quenched  in  oil,  annealed  at  straw  color. 

Marks,  C2,  K'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 
lo&dsper 

In  gauged  length. 

Remarks. 

square 
inch. 

Elonga- 
tion. 

Set. 

Pofindt. 

Inch. 

Inch. 

1,000 

0. 

0. 

Initial  load. 

6,000 

.0006 

0. 

10,000 

.0010 

0. 

16,000 

.0015 

0. 

20,000 

.0021 

0. 

25,000 

.0028 

0. 

30,000 

.0094 

0. 

85,000 

.0040 

.0001 

40,000 

.0050 

.0006 

45,000 

.0060 

.0009 

50,000 

.0068 

.0011 

56,000 

.0078 

.0018 

60,000 

.0090 

.0028 

65,000 

.0111 

.0038 

70,000 

.0122 

.0(M3 

76,000 

.0148 

.0061 

80,000 

.0186 

.0092 

85,000 

.0240 

.0140 

90.000 

.0842 

.0232 

100,000 

.07 

104,480 

Tensile  strength. 
=4  per  cent. 

0 

.'i2"*' 

Elongation  of  inch  sections,  ".08*,  ".02,  ".02. 
Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Appearance  of  fracture,  granular. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C2-K',  NO.  7637,  CROSS  SECTION. 

16-INCH  BY  18-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  63  DIAMETERS. 

STEEL  HEATED  WHITE  HOT,  QUENCHED  IN  OIL. 

AND  ANNEALED  AT  STRAW  COLOR. 


MCUOTVPC    CO  .    BOSTON. 


CARBON   AND   NICKEL   STEEL   INGOTS. 

No.  7638. 

Heated  white  hot,  quenched  in  oil,  anneaied  at  a  blue  heat. 

Marks,  C2,  L'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

Pounds. 
1.000 
5,000 
10,000 
15.000 
20,000 
25,000 
30,000 
85,000 
40,000 
45,000 
60,000 
55,000 
60,000 
65,000 
70.000 
75,000 
80,000 
85,000 
90,000 
91,760 
0 

Inch. 

0. 

.0003 
.0010 
.0015 
.0020 
.0025 
.0061 
.0088 
.0047 
.0054 
.0067 
.0084 
.0113 
.0162 
.0242 
.0849 
.0524 
.07 
.11 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.0002 
.0007 
.0011 
.0024 
.0049 
.0089 
.0160 
.0259 
.0425 

Initial  load. 
Tensile  strength. 

.15 

.  .     . 

=  5  per  cent. 

Elongation  of  inch  sections,  ".02,  ".03,  ".10*. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contmction  of  area,  15  per  cent. 

Appearance  of  fracture,  granular,  dull  amorphous  spot  at  the  cir- 
cumference. 
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OABBON    AND   NICKEL   STEEL   INGOTfl. 

No.  7639. 


Heated  white  hot,  quenched  in  oil,  annealed  at  cherry  red. 

Marks,  C2,  M'. 

Dianaeter,  ".564:. 

Sectional  area,  .25  sqaare  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15.000 
20,000 
25,000 
80,000 
85,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47.000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
60,000 
64,000 
65,280 
0 

Inch. 

0. 

.0008 
.0009 
.0014 
.0020 
.0026 
.0081 
.0089 
.0041 
,0147 
.0188 
.0209 
.0260 
.0290 
.0848 
.0881 
.0421 
.0488 
.0552 
.0607 
.0680 
.0802 
.0980 
.11 
.16 
.27 

Inch. 

0. 

0. 

0. 

0. 

-  .0001 

-  .0001 

-  .0001 
0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 
«15.8  per  cent 

.0187 

.0828 

.0611 

.46 

Elongation  of  inch  sections,  ".07,  ".12,  ".27*. 
Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  qent. 
Appearance  of  fracture,  dull  amorphous,  oblique. 


OABBON   AND  NICKEL   STEEL   INGOTS. 

No.  7640. 

Heated  white  hot,  quenched  in  oil,  annealed  at  bright  yellow. 

Marks  C2,  N'. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 
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ApDlied 

loads  per 

square 

inch. 

In  gauged  length. 

llemarks. 

Elongar 
Uon. 

Set. 

Found9. 
1,000 
5,000 
10,000 
16.000 
20,000 
25,000 
80,000 
85,000 
86,000 
88,000 
84,000 
85,000 
86,000 
87,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 

62.000 
68.240 

iTiCh. 

0. 

.0003 
.0009 
.0014 
.0020 
.0026 
.0032 
.0089 
.0041 
.0107 
.0152 
.0872 
.0411 
.0440 
.0478 
.0680 
.0698 
.0789 
.0920 
.1080 
.1209 
.15 
.17 
.20 
.23 
.28 
.89 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=17.7  per  cent. 

.0526 

.1188 

.58 

Elongation  of  inch  sections,  ".15,  ".15,  ".23". 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Appearance  of  fracture,  dull  amorphous,  oblique,  blowholes. 
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OAKBON   AND   NICKEL   STEEL   INaOTS. 

No.  7641. 


Heated  white  hot,  quenched  in  oil,  annealed  at  white  heat. 

Marks,  C2,  O'. 

Diameter,  ".564. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tlcS. 

Bet. 

Founds. 
1,000 
6,000 
10,000 
15,000 
20,000 
26,000 
26.000 
27,000 
28,000 
29,000 
30,000 
31.000 
32,000 
33,000 
34,000 
35,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48.000 
50,000 
52,000 
64,000 
56,000 
60,000 
63,200 
0 

Inch, 

0. 

.0008 
.0010 
.0014 
.0020 
.0028 
.0030 
.0031 
.0034 
.0037 
.0042 
.0067 
.0120 
.0208 
.0245 
.0269 
.0300 
.0390 
.0485 
.0580 
.0690 
.0798 
.0920 
.1096 
.13 
.16 
.19 
.26 

Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 

Initial  load. 

Tensile  strength. 
=16.7  per  cent. 

.0010 

.0225 

.0434 

.1030 

.47 

Elongation  of  inch  sections,  ".21*,  ".13,  ".13. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
C!ontraction  of  area,  24.6  per  cent. 
Appearance  of  fracture,  dull  amorphous,  oblique. 
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isfi  carbon  and  nickel  steel  ingots. 

Metal  From  16"  by  18"  Carbon  Steel  Ingot, 
forged  specimens — square  bars  drawn  down  to  rounds  at  dip 

FERENT  TEIMPERATURES. 

Original  dimensions  of  specimens:  l".28Xl".28x7".22  long. 

No.  7773. 

Heated  to  a  low  yellow  (expansion,  ".075  in  7".22),  and  drawn  down 
under  the  hammer,  finishing  at  black  heat.     Reduction,  46.3  per  cent. 
Cooled  in  the  air. 
Marks,  C6-1. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

' 

Elonga- 
tion. 

Inch. 

0. 

.0004 
.0010 
.0020 
.0030 
.0039 
.0049 
.0059 
.0069 
.0082 
.0090 

Set. 

Kenmrks. 

Ptmjids. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
60.000 
60,000 
70,000 
80,000 
81,000 

Inch. 

0. 

0. 

Initial  load. 

0. 
0. 
0. 
0. 
0. 
.0002 

Elastic  limit. 

82,000    ,          .0196 
88,000             .0228 
84.000              .0320 
85,000    '         .0365 
86,000    1          .0390 
87,000    1          .0450 
88,000    1         .0625 
89,000              .08 
90,000    1          .10 

.0269 

90,480 

Tensile  Htrength. 

0 

:^'" 

=  7.7  per  cent. 

1 

Elongation  of  inch  sections,  ".08,  ".04,  ".16.'- 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Appearance  of  fracture,  silky,  irregular  surface. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-1,  NO.   7773,  CROSS  SECTION. 

16-INCH  BY  18-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED   LOW  YELLOW  AND   DRAWN  DOWN   UNDER  THE   HAMMER 

AT  BLACK  HEAT.     COOLED  IN  AIR. 


MELIOTYPE    CO.,    BOSTON. 


I 

l4 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-2,  NO.  7774,  CROSS  SECTION. 

16-INCH  BY  18HNCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  FULL  YELLOW  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  BRIGHT  RED.     COOLED  IN  AIR. 


4 


HEUOTYPe    CO..    BOSTON. 


OARBOK    AND   NICKEL   STEEL   INGOTS. 

No.  7774. 
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Heated  to  a  full  yellow  (expansion,  ".089  in  7". 22),  and  drawn  down 
under  the  hammer  at  bright  red.     Reduction,  32.3  per  cent. 
Cooled  in  the  air. 
Marks,  C6-2. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch, 
(ranged  length,  3". 


Applied 

loadisper 

square 

Inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
46,000 
89,000 

Inch. 

0. 
.0008 
.0010 
.0020 
.0081 
.0086 
.0041 
.0048 
.0060 
.0119 

r         .0174 

Inch. 

0. 

0. 

Initial  load 

0. 
0. 
0. 
.0001 

Elaiitic  limit.    Load  fell. 

40.«»    li          M2R 

41,000 
42,000 
43,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
64,960 
0 

.0685 
.0670 
.0695 
.0768 
.0890 
.1010 
.1180 
.18 

.iiio 

.16 
.19 
.22 
.26 
.83 
.48 

^^ 



Tensile  strength. 

:93"  "j:::::::::::: 

--^  31  per  cent. 

Elongation  of  inch  sections,  ".21,  ".50*,  ".21. 
Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 
Contraction  of  area,  57  per  cent. 
Appearance  of  fracture,  silky. 
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CARBON    AND   NICKEL    STEEL    INGOTS. 


No.  7775. 


Heated  to  a  bright  yellow  (expansion,  ".103  in  7". 22),  and  drawn 
down  under  the  hammer  at  full  yellow.     Reduction,  33.5  per  cent. 
Cooled  in  the  air. 
Marks,  C6-3. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loadBper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Foundt. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
40,800 
85,000 
86,000 
87,000 
88,000 
89,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
64.000 
65,520 
0 

Inch. 

0. 

.0008 
.0009 
.0019 
.0029 
.0040 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=  24  per  cent. 

0. 
0. 

.0118 
.0180 
.0300 
.0400 
.0580 

.0660 

.0645 

.0740 

.0885 

.0990 

.1170 

.14 

.16 

.19 

.22 

.26 

.44 

.0509 

..'.'.'.....'/.'. 



.1102 

.72 

Elongation  of  inch  sections,  ".37*,  ".21,  ".14. 
Diameter  at  fi^acture,  ".44;  area,  .1521  square  inch. 
Contraction  of  area,  39.2  pjer  cent. 

Appearance  of  fracture,  silky;  spot  of  lighter  colored  mebil,  ".06 
diameter. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-3,  NO.   7775,  CROSS  SECTION. 

16-INCH  BY  18-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED   BRIGHT  YELLOW  AND  DRAWN   DOWN   UNDER  THE  HAMMEK 

AT  FULL  YELLOW.     COOLED  IN  AIR. 


MEUOTYPf    CO.,    BOSTON. 


PHOTOMICROGRAPH   OF   STEM   OF  TEKSaE   SPECIMEN   CG-4,   NO.   ^776,   CROSS  SECTION. 

Ib-INCH   BY   18-INCH   CARBON   STEEL  'NGOT.     MAGNIFICATION   53   DIAMETERS. 

STEEL  HEATED   LOW  WHITE  AND   DRAVv'N   COWN   UNDER   THE   HAMMER 

AT  BRIGHT  LEMON.     COOLED   IN   AIR. 


HEUOTYPE    CO.,    BOSTON. 


CARBON   AND   NICKEL   STEEL   INGOTS. 
No.  7776. 
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Heated  to  a  low  white  (expansion, 
under  the  Iiammer  at  bright  lemon. 
Cooled  in  the  air. 
Marks,  C6-i. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  kngth,  3". 


'.121  in  7".22),  and  drawn  down 
Reduction,  32.3  per  cent. 


Applied 

loaoBper 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

POUTUiS. 

1,000 
5,000 
10,000 
20,000 
80,000 
86,000 
86,000 
84,000 
85,000 
36.000 
37,000 
33,000 
84.000 
85,000 
86,000 
87,000 
35,000 
36,000 
87,000 
38,000 
89,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
68,000 
60,000 
62,000 
64.000 
64,800 
0 

Inch, 

0. 

.0004 
.0009 
.0020 
.0080 
.0085 
.0037 
.0065 
.0079 
.0098 
.0120 
.0261 
.0262 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 
Load  fell,  second  time. 

Load  fell,  third  time. 

Tensile  strength. 
=22.7  per  cent. 

0. 
0. 

.0284 
.0885 

.0885 

.0420 

.0429 

.0486 

.0460 

.0491 

.0660 

.0620 

.0740 

.0860 

.0990 

.1165 

.14 

.16 

.19 

.22 

.27 

.82 

.44 

.0600 

.1098 

.68 

Elongation  of  inch  sections,  ".42*,  ".15,  ".11. 
Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 
Contraction  of  area,  49.7  per  cent. 
Appearance  of  fracture,  silky. 
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CARBON    AND    NICKEL    STEEL   INGOTS. 

No.  7777. 


Heated  to  a  full  cherry  (expansion,  ".069  in  7. "22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  20.1 
per  cent. 

Cooled  in  the  air. 

Marks,  C6-5. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3." 


Applied 

loads  per 

per  square 

inch. 

In  gaiige 

Elonga- 
Uon. 

Inch. 

0. 
.0004 
.0009 

d  length. 

RcmorkK. 

Set. 

Pounds. 
1,000 
5,000 
10,000 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=  17.3  per  cent. 

20, 000    '          -  0020 

30,000 
35,000 
40,000 
45,000 
48,000 

.0030 
.0035 
.0040 
.0046 
.0049 

0. 
0. 

0- 
0. 

48,800 

/        .0140 
t        .0531 
.0620 
.0768 
.0803 
.0860 
.0895 
.0970 
.1040 
.1110 
.13 
.15 
.18 
.21 
.25 
.30 
.42 
.52 

42,000 

43,000 
44,000 
45,000 

46,000 

47,000 

48,000 

49,000 

50,000 
52,000 

.1040 

54,000 
56.000 

58,000 

60,000 

62,000 

64,000 

0 

Elongation  of  inch  sections,  ".21,*  ".20,*  ".11. 
Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 
Contraction  of  area,  27.6  per  cent. 
Appearance  of  fracture,  silky,  oblique. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-5,  NO.  7777,  CROSS  SECTION 

16-INCH  BY  18-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  FULL  CHERRY  AND  DRAWN   DOWN  UNDER  THE  HAMMER 

AT  NEARLY  THE  SAME  TEMPERATURE.     COOLED  :N  AIR. 


MELlOTVPf    CO..    BOfTON. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-6,  NO.  7778,  CROSS  SECTION. 

16-INCH  BY  18-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED   LOW  CHERRY  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  NEARLY  THE  SAME  TEMPERATURE.     COOLED  IN  AIR. 


MEUOTYPE    CO.,    B08T0M. 


CARBON   AND    NICKEL    STEEL    INGOTS. 

No.  7778. 
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Heated  to  a  low  cherry  (expansion,  ".057  in  7".23),  and  dniwn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  23.8 
per  cent. 

Cooled  in  the  air. 

Marks,  C6-6. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

nqiiare 

inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
35,000 
40,000 
45,000 
49,000 
43.000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
60.000 
62,000 
54,000 
56.000 
58,000 
60,000 
62.000 
64.000 
66,000 
66,400 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 

.0004 
.0010 
.0020 
.0030 
.0034 
.0040 
.0046 
.0051 
.0120 
.0221 
.0897 
.0500 
.0760 
.0810 
.0651 
.0935 
.10 
.12 
.15 
.18 
.22 
.25 
.31 
.48 


Set. 


Inch. 

0. 

0. 


.76 


.0861 


Remarks. 


Initial  load. 


Elastic  limit.    Load  fell. 


Tensile  strength. 
=25  per  cent. 


Elongation  of  inch  sections,  ".20,  ".38*,  ".17. 
Diameter  at  fracture,  ".42;  area,  .1385  square  inch. 
Contraction  of  area,  44.6  per  cent. 
Appearance  of  fracture,  silky. 
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OABBON   AND   NICKEL  STEEL   INGOTS. 

No.  7779. 


Heated  to  a  blood  red  (expansion,  ".069  in  7".22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  16.5 
per  cent. 

Cooled  in  the  air. 

Marks,  C6-7. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

Tnch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Founds. 
1.000 
5,000 
10,000 
20,000 
80,000 
84,000 
86,000 
87,000 

Inch. 

0. 

.0003 
.0010 
.0021 
.0081 

Jtich. 

0. 

0. 

Initial  load. 

0. 

Elastie  limit,  approximate.                                                   t 

.0042 

88,000    ;          .0068 
89,000                nOTO 

40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
68.000 
60,000 
61.200 
0 

.0092 
.0100 
.0140 
.0181 
.    .0210 
.0240 
.0275 
.0420 
.0668 
.0660 
.0840 
.1080 
.1350 
.20 

.0050 

i 

1 

1 

.0190 

1 

.0498 

1 

1 

1 

1 

Tensile  strength.                                                                    ' 

.32 

=10. 7  per  cent.                                                                      \ 

Elongation  of  inch  sections,  ".20*,  ".08,  ".04. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Appearance  of  fracture,  gray  amorphous,  oblique. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-7,  NO.   7779,  CROSS  SECTION. 

16-.NCh  BY  18-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED   BLOOD  RED  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  NEARLY  THE  SAME  TEMPERATURE.     COOLED  IN  AIR. 


HELIOTYPE    CO.,   BOSTON. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-8,  NO.   7780,  CROSS  SECTION. 

le-INCH  BY  18-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  BLOOD  RED  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  NEARLY  THE  SAME  TEMPERATURE.     COOLED  IN  AIR. 


HELIOTYPE    CO.,    BOSTON. 


OARBON   AND    NICKEL   STEEL   INGOTS. 

No.  7780. 
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Heated  to  a  blood  red  (expansion  ".072  in  7". 22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  43.9 
per  cent. 

Cooled  in  the  air. 

Marks,  C6-8. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 


Pounds. 
1,000 
5,000 
10,000 
20.000 
80,000 
85,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
60,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62.000 
64,000 
65,200 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch, 

0. 

.0004 
.0010 
.0020 
.0080 
.0085 
.0040 
.0045 
.0051 
.0060 
.0072 
.0106 
.0150 
.0196 
.0265 
.0815 
.0398 
.0470 
.0585 
.0758 
.0900 
.1140 
.1380 
.18 
.24 


.54 


Set. 


Inch. 

0. 

0. 


0. 
0. 


.0006 


.0101 


.0410 


.1301 


Remarks. 


Initial  load. 


ElasUc  limit. 


Tensile  strength. 
=18  per  cent. 


Elongation  of  inch  sections,  ".37*,  'Ml,  ".Oii. 
Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 
Contraction  of  area,  49.7  per  cent. 
Appearance  of  fracture,  silky. 

H.  Doc.  521,  68-2 13 


»1 
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CABBON   AND   NICKEL   8TEEL   INGOTS. 
No.  7781. 


Heated  to  a  blood  red  (expansion,  ".057  in  7".22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  31.1 
per  cent 

Cooled  in  the  air. 

Marks,  C6-9. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loadflper 
square 
inch. 

Remarks. 

Elonira- 
tlon. 

Set. 

Poundi. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
60,000 
51,000 
52,000 
58,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
62,000 
64,000 
66.000 
68,000 
70,000 
72,000 
74,000 
74,880 
0 

Inch. 

0. 
.0004 
.0010 
.0021 
.0081 
.0085 
.0040 
.0045 
.0062 
.0066 
.0060 
.0068 
.0070 
.0080 
.0000 
.0120 
.0162 
.0198 
.02V0 
.0370 

.a-ao 

.0620 

.0740 

.10 

.12 

.16 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=9  per  cent. 

6. 
0. 
0. 
0. 
.0002 

.0024 

.0202 

.27 

Elongation  of  inch  sections,  ".07,  ".16*,  ".04. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
Appearance  of  fracture,  dull  silky. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-9,  NO.  7781,  CROSS  SECTION. 

16HNCH  BY  18-INCH  CARBON  STEEL  INGOT.    MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  BLOOD  RED  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  NEARLY  THE  SAME  TEMPERATURE.    COOLED  IN  AIR. 


HIUOTVVf   CO.,   tOtTOl*. 


OABBON   AND   NICKEL   8T££L   INGOTS. 

No.  7782. 
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Heated  to  a  bright  red  (expansion,  ".061  in  7".22),  and  drawn  down 
under  the  hammer  at  full  rea.     Reduction,  43.9  per  cent. 
Quenched  in  water. 
Marks,  C6-10. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
50,000 
55,000 
60.000 
61,000 

Inch. 

0. 

.0008 
.0009 
.0019 
.0029 
.0089 
.0049 
.0066 
.0065 
.0068 
.0071 
.0076 
.0080 
.0092 
.0189 
.0240 
.0310 
.0860 
.0390 
.0460 
.0520 
.0585 
.0660 
.0763 
.10 
.18 
.18 
.28 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=»16  per  cent. 

0. 
0. 

I: 

.0006 

62,000 

63,000 

64,000 

65.000 
66,000 
67  000 

.0021 

68,000 

69  000 

70.000 
72  000 

.0600 

74,000 

76,000 

78.000 

80,000 
84,000 

.0652 

88,000 

92,000 

96,000 

96,480 

0 

.48 

Elongation  of  inch  sections,  'Ml,  ".27*,  ".10. 
Diameter  at  fracture,  ".47;  area,  .1736  square  inch. 
Contraction  of  area,  30.6  per  cent. 
Appearance  of  fracture,  dull  silky,  irregular,  oblique. 
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CARBON    AND   NICKEL   STEEL   INGOTS. 


No.   7783. 


Heated  to  a  yellow  (expansion,  ".079  in  7". 22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  42.1 
per  cent. 

Quenched  in  water. 

Marks,  C6-11. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


flqoare 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
aon. 

Set. 

Pmmda. 
1,000 
6.000 
10.000 
20.000 
80.000 
40,000 
50.000 
68,000 
54,000 
65,000 
66.000 
57,000 
58.000 
59,000 
60,000 
62.000 
64.000 
66.000 

S'SS2 
70.000 

72.000 

74,000 

76.000 

78.000 

80,000 

84,000 

88.000 

92,000 

96,000 

96,480 

0 

Inch. 

0. 

.0008 
.0009 
.0020 
.0080 
.0040 
.0050 
.0054 

Inch. 

0. 

0. 

Initial  load. 
Elasdc  limit. 

Tenfdle  strength. 
-17  per  cent. 

0. 
0. 

.0057 
.0060 
.0065 

.0008 

.0069 

.0072 

.0075 

.0080 

.0092 

.0119 

.0168 

.0215 

.0262 

.0805 

.0860 

.0425 

.0480 

.0580 

.06 

.10 

.18 

.18 

.0016 

.0180 

.0476 

.51 

".32*,  ".11. 


Elongation  of  inch  sections,  ".08, 

Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 

Contraction  of  area,  49.7  per  cent. 

Appearance  of  fracture,  silky. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-11,  NO.  7783,  CROSS  SECTION. 

16HNCH  BY  18-INCH  CARBON    STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  YELLOW  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  NEARLY  THE  SAME  TEMPERATURE.     QUENCHED  IN  WATER. 


HCLIOTVH  00..  ftorroN. 


CARBON   AND  NICKEL  8TBEL  1N00T8. 
No.  7784. 
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Heated  to  a  bright  yellow  (oxpansion,  ".097  in  7".22),  and  drawn 
down  under  the  hammer  at  nearly  the  same  temperature.  Reduction, 
43.3  per  cent. 

Quenched  in  water. 

Marks,  C(>-12. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pottflcft. 

1,000 
6.000 
10,000 
20.000 
80,000 
40,000 
46.000 
46.000 
47.000 
48.000 
49,000 
60,000 
61.000 
62.000 
68,000 
64.000 
66.000 
66.000 
67.000 
68,000 
69.000 
60,000 
62,000 
64,000 
66,000 
68.000 
70,000 
72.000 
74,000 
76,000 
78,000 
80,000 
82.000 
84,000 
86,000 
88.000 
90.000 
92,000 
96.000 
100.000 
103.600 
0 

0. 

.0006 
.0010 
.0020 
.0080 
.0040 
.0047 
.0049 
.0060 
.0062 
.0066 
.0068 
.0060 
.0068 
.0066 
.0068 
.0070 
.0072 
.0076 
.0079 
.0082 
.0086 
.0098 
.0103 
.0116 
.0131 
.0149 
.0166 
.0186 
.0220 
.0248 
.0280 
.0311 
.0669 
.0409 
.0471 
.0682 
.06 
.08 
.11 

IncK 

0. 

0. 

Initial  load. 

Elastic  limit,  approximate. 

Tensile  strength. 
-10.7  per  cent. 

6. 

.0001 

.0007 

.0012 

.0028 

.0069 

.0188 

.0420 

.82 

".23»,  ".06. 


Elongation  of  inch  sections,  ".03, 

Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 

Contraction  of  area,  49.7  per  cent. 

Appearance  of  fracture,  nne  silky. 
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OABBOK   AND   NICKEL  STEEL  INGOTS, 


No.  7785. 


Heated  to  a  high  red  (expansion,  ".065  in  7".22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  33.5 
per  cent. 

Quenched  in  water. 

Marks,  C6-13. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds, 
1,000 
5.000 
10,000 
20,000 
M),000 
40,000 
50,000 
58,000 
59,000 
60.000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
84,000 
88.000 
91,600 
0 

Inch. 

0. 
.0008 
.0009 
.0019 
.0030 
.0040 
.0049 
.0059 
.0061 
.0068 
.0072 
.0076 
.0080 
.0257 
.0290 
.0860 
.0892 
.0441 
.0470 
.0510 
.0573 
.0679 
.0750 
.0860 
.1000 
.14 
.19 

IncK 

0. 

0. 

Initial  load. 
BlasUo  limit 

Tensile  strength. 
»12.8  per  cent. 

0. 
0. 

.0006 

.0210 

.0416 

.0887 

.87 

Elongation  of  inch  sections,  ".06,  ".08,  ".23». 

Diameter  at  fi-acture,  ".47;  area,  .1735  square  inch. 

Contraction  of  area,  30.6  per  cent. 

Appearance  of  fracture,  silky,  with  spot  of  light-colored  metal. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-14,  NO.  7786,  CROSS  SECTION. 

16-INCH  BY  18-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  LOW  CHERRY  AND  DRAWN   DOWN  UNDER  THE  HAMMER 

AT  NEARLY  THE  SAME  TEMPERATURE.    QUENCHED  IN  WATER. 


MELIOTYPE    CO.,    BOSTON. 


OABBOK  AND  KIOKEL  STEEL  INGOTS. 
No.  7786. 
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Heated  to  a  low  cherry  (expansion,  ".069  in  7".22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  86.6 
per  cent. 

Quenched  in  water. 

Marks,  C6-U. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Pounda. 
1,000 
6.000 
10,000 
20,000 
80,000 
40,000 
60,000 
61,000 
52,000 
58,000 
64,000 
56,000 
66,000 
67,000 
68,000 
69,000 
60,000 
61.000 
62.000 
68,000 
64,000 
66,000 
68,000 
70,000 

r2,ooo 

76,000 

80,000 

82,720 

0 

Inch. 

0. 

.0006 
.0009 
.0019 
.0029 
.0069 
.0061 
.0068 
.0066 
.0059 
.0062 
.0066 
.0070 
.0076 
.0066 
.0100 
.0188 
.0220 
.0820 
.0660 
.0426 
.0680 
.0640 
.0782 
.09 
.14 
.21 

Inch. 

0. 

0. 

Initial  load. 

0. 
.0001 

Elastic  limit 

Tensile  strength. 
=18. 8  per  cent 

.0010 

.0120 

.0692 

.65 



Elongation  of  inch  sections,  ".15,  ".13,  ".27*. 
Diameter  at  fracture,  ".45;  area,  .1590  square  inch. 
Contraction  of  area,  86.4  per  cent. 
Appearance  of  fracture,  silky. 
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CABBON    AND   NICKEL   8TEBL  IKGOTB. 

No.  7787. 


Heated  to  a  blood  red  (expansion,  ".068  in  7".  22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  29.9 
per  cent. 

Quenched  in  water. 

Marks,  C6-16. 

Diameter,  ".664. 
.  Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


AppUed 
loads,  per 

square 

Inch. 

In  gaufl^  length. 

Bemarks. 

Elonga- 
tion. 

Set. 

Pouruls. 
1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
60,000 
66,000 
67,000 
68,000 
69,000 
60,000 
61,000 
62,000 
63,000 
61,000 
66,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
84,000 
86,600 
0 

Inch. 

0. 
.0008 
.0009 

.0019 
.0029 
.0069 
.0060 
.0066 
.0068 
.0060 
.0066 
.0068 
.0071 
.0074 
.0079 
.0068 
.0096 
.0109 
.0120 
.0171 
.0210 
.0900 
.0690 
.0670 
.0668 
.0610 
.1070 
.17 

Inch. 

0. 

0. 

Initial  load. 
Klastlc  limit 

Tensile  strength. 
b6.7  per  cent. 

0. 
0. 

.0008 

.0029 

.0220 

.0968 

.20 

Elongation  of  inch  sections,  ".10*,  ".06,  ".05. 
Diameter  at  fracture,  ".63;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Appearance  of  fracture,  medium  granular. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-15,  NO.  7787,  CROSS  SECTION. 

16-INCH  BY  18-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  BLOOD  RED  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  NEARLY  THE  SAME  TEMPERATURE.    QUENCHED  IN  WATER. 


HEUOTYPE   CO.,   BOSTON. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C6-16,  NO.  7788,  CROSS  SECTION. 

16-INCH  BY  18HNCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  NEARLY  WHITE  HOT  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  NEARLY  THE  SAME  TEMPERATURE.     QUENCHED  IN  WATER. 


MEUOTVPC  CO.,  BorroN. 


OARBOK   AND   KIOKEL  6TEEL   IKOOTS. 
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No.  7788. 

Heated  to  nearly  white  heat  (expansion,  ".125  in  7".22),  and  drawn 
down  under  the  hammer  at  nearly  the  same  temperature.  Reduction, 
48.2  per  cent. 

Quenched  in  water. 

Marks,  C6-16. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


ApDlled 

loada  per 

aquan) 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40.000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47.000 
48,000 
49,000 
60,000 
51,000 
52,000 
58,000 
54,000 
65,000 
66,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70.000 
72,000 
74,000 
76,000 
78,000 
80.000 
84,000 
88,000 
92,000 
96,000 
100,000 
104,000 
108,000 
110,880 
0 

Inch. 

0. 

.0008 
.0009 
.0019 
.0090 
.0041 
.0044. 
.0047 
.0049 
.0060 
.0051 
.0068 
.0057 
.0059 
.0061 
.0062 
.0065 
.0068 
.0070 
.0072 
.0074 
.0078 
.0084 
.0090 
.0096 
.0108 
.0111 
.0120 
.0135 
.0148 
.0359 
.0175 
.0198 

.03 
.05 
.06 
.07 
.06 
.10 
.14 

Inch. 

0. 

0. 

Initial  load. 

Elantic  limit,  approximate. 

Tensile  stiexigth. 
=10  per  cent. 

.0001 

.0006 

.0011 

.0018 

.0028 

.0059 

.      .0130 

.80 

.06,  ".21*,  ".03. 


Elongation  of  inch  sections, 

Diameter  at  fracture,  ".46;  area,  .1590  square  inch. 

Contraction  of  area,  36.4  per  cent. 

Appearance  of  fracture,  sQky. 


202 


OABBON   AND  KIOKEL   STEEL  IKOOTS. 
No.  7789. 


Heated  to  nearly  white  heat  (expansion  ".115  in  7".22), 
down  under  the  hammer  at  nearly  the  same  temperature. 
46.3  per  cent. 
.    Quenched  in  water. 

Marks,  C6-17. 

Diameter,  ".564. 

Sectional  area,  .  25  square  inch. 

Gauged  length  3". 


and  drawn 
Reduction, 


AppUed 

sqoare 
inch. 

In  gausred  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Founds. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
46,000 
60,000 
66,000 
60,000 
66,000 
70,000 
76.000 
80,000 
86,000 
90,000 
96,000 
100,000 
104,000 
0 

Tndi, 

0. 

.0004 
.0010 
.0020 
.0090 
.0041 
.0061 
.0062 
.0076 
.0092 
.0118 
.0160 
.0200 
.0270 
.0386 
.0686 
.07 
.10 

Inch.  . 

0. 

0. 

InltUl  load. 

Elastic  limit,  approximate. 

Tensile  strength. 
»11. 8  per  cent. 

.0001 
.0007 
.0011 
.0019 
.0030 
.0043 
.0071 
.0111 
.0186 
.0284 
.0428 

.34 

Elongation  of  inch  sections,  ".  03,  ".  05,  ' 
Diameter  at  fracture,  ".41;  area,  .  1320  square  inch. 
Contraction  of  area,  47.  2  per  cent. 
Appearance  of  fracture,  fine  silky. 


^•» 

'i 


/ 


1 

4 


CABBOK   AND  NICKEL  STEEL  INGOTS. 
No.  7790. 
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Heated  to  a  low  yellow  (expansion,  ".060  in  7".22),  and  drawn  down 
under  the  hammer  at  full  red.     Reduction,  87.8  per  cent. 
Cooled  in  the  air. 

Annealed  at  blood  red,  cooling  in  sand. 
Marks,  C6-18. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
(Jauged  length,  3". 


Applied 

looosper 

square 

toch. 

In  gauged  length. 

RemarksL 

Elonga- 
tidi. 

Set. 

Poundt. 
1.000 
6,000 
10,000 
20,000 
80,000 
40,000 
48,000 
44,000 
89,000 
40,000 
41,000 
42,000 
43.000 
44.000 
46,000 
48,000 
60.000 
62,000 
64,000 
66,000 
60,000 
64,000 
0 

Inch, 

0. 
.0008 
.0009 
.0019 
.0029 

.(m) 

.0042 

.0060 

.0112 

.0718 

.0750 

.0809 

.0662 

.0920 

.10 

.12 

.14 

.16 

.20 

.26 

.81 

.64 

.78 

Inch. 

0. 

0. 

Initial  load. 

Elastio  limit. 
Load  fell. 

Tensile  strength. 
:»26  per  cent. 

0. 
0. 

.0667 

Elongation  of  inch  sections,  ".44*,  ".17,  " 
Diameter  at  fracture,  ".37;  area, 
Contraction  of  area,  57  per  cent. 
Appearance  of  fracture,  silky. 


17. 
1075  square  inch. 
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CARBON    AND   NICKEL   STEEL   INO0T8. 


No.  7791. 

Heated  to  a  low  yellow  (expansion,  ".082  in  7". 22),  and  drawn  down 
under  the  hammer  at  full  red.     Reduction,  4:5.1  per  cent. 
Cooled  in  the  air. 

Annealed  at  cherry  red,  cooling  in  sand. 
Marks,  C6-19. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 

In  gauge 

Elonga- 
tion. 

d  length. 
Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
43,000 
44,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64.000 
64,400 
0 

Inch. 

0. 
.0004 
.0010 
.0021 
.0081 
.0042 
.0044 
.0048 
.0099 
.0165 
.0612 
.0880 
.0915 
.0970 
.10 
.12 
.15 
.17 
.19 
.24 
.29 
.87 
.60 

Inch. 
0. 
0.  . 

Initialload. 

Elastic  limit. 
Load  fell. 

Tensile  stre 
=30.3  per  cen^. 

0. 
0. 



.91 

Elongation  of  inch  sections,  ".22,  ".48*,  ".21. 
Diameter  at  fracture,  ".39;  area,  .1194  square  inch. 
Contraction  of  area,  62.2  per  cent. 
Appearance  of  fracture,  silky. 


OABBON    AND   NICKEL   STEEL    INGOTS. 

No.  7792. 
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Heated  to  a  yellow  (expansion,  ".089  in  7".22),  and  drawn  down  under 
the  hammer  at  full  red.     Reduction,  43.1)  i)er  cent. 
Cooled  in  the  air. 

Annealed  at  bright  red,  cooling  in  sand. 
Marks,  C6-20. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds, 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
40,600 

96,000 

87,000 
88.000 
89,000 
40,000 
41,000 

Inch. 

0. 
.0004 
.0010 
.0020 
.0081 
.0041 
.0042 

f.0150 

V0180 
.0210 
.0580 
.0610 
.0670 
.OAa.S 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=27.8  per  cent. 

6. 
0. 

.0617 

42,000    '         .0769 
48,000    1         .0810 
44,000             .0890 
46,000    '         .10 
48,000    I           11 

50,000 
52,000 
54,000 
66,000 
68,000 
60,000 
62,000 
68,200 
0 

.18 
.15 

.18 
.21 
.25 
.82 
.44 



.82 

Elongation  of  inch  sections,  ".49*,  ".19,  ".14. 
Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 
Contraction  of  area,  57  per  cent. 
Appearance  of  fracture,  silky. 
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OABBON   AND   NICKEL   8TKBL   INGOTS. 

No.  7793. 


Heated  to  a  yellow  (expanaion,  ".082  in  7".  22),  and  drawn  down 
under  the  hammer  at  full  red.     Reduction,  43.9  per  cent 
Cooled  in  the  air. 

Annealed  at  low  yellow,  cooling  in  sand. 
Marks,  C6-21. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


loads  per 
sqtuire 
Inch. 

In  gauged  length. 
Elonga-           g^. 

Remarks. 

foutuU. 
1,000 
5,000 
10,000 
20,000 
80.000 
85,000 
86,000 
82,000 
88,000 
84,000 
85,000 
86,000 
87,000 
88,000 
80,000 
40,000 
41,000 
42,000 
44,000 
46,000 
48,000 
60,000 
62,000 
54,000 
56,000 
56,000 
60,000 
62,000 
62,800 
0 

Inch. 

0. 

.0005 
.6011 
.0021 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Load  fell. 

Tensile  strength. 

.0082 

.0088 

.0041 

.0090 

.0122 

.0420 

.0470 

.0508 

.0585 

.0598 

.0620 

.0670 

.0730 

.0800 

.09 

.10 

.12 

.14 

.16 

.19 

.22 

.26 

.84 

.47 

0. 

.88 

—29.8  per  cent. 

Elongation  of  inch  sections,  ".15,  ".34*,  ".39* 


Diameter  at  fracture,  ".'&i;  area, 
Contraction  of  area,  57  per  cent. 
Appearance  of  fracture,  silky. 


1075  square  inch. 


OABBOK   AND   NICKEL   STEEL   INGOTS. 
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No.  7794. 

Heated  to  a  yellow  (expansion,  ".103  in  7". 22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  48.2 
per  cent. 

Cooled  in  the  air. 

Annealed  at  bright  yellow,  cooling  in  sand. 

Marks,  C6-22. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Klonga-           «,,. 
tion.             ^^^• 

PoutuU. 
1.000 
5,000 
10,000 
20,000 
30.000 
83,000 
38  600 

Inch. 

0. 
.0008 
.0009 

.0019 
.0090 
.0062 
nms 

Tneh. 

0. 

0. 

Initial  load. 

Elaiitio  limit    liOadfeU. 

Tensile  strength. 
»  30  per  cent 

0. 

1       32,000    1         .0079 
1       88,000             .0200 
31,000    1         .0222 
82,000             .0897 
83,000    >          .0888 
84,000    !           041ft 

85,000 
36,000 
37.000 
88.000 
40,000 
42  000 

.0440 

.0490 

.0628 

.0689 

.0689 

.0788 

.09 

.10 

.11 

.18 

.16 

.18 

.22 

44,' 000 
46,000 
48,000 
60,000 
52,000 
54.000 
66,000 

58,000              .27 

60.000              .84 

62,000             .58 

0               M 

Elongation  of  sections,  ".17,  ".50»,  ".23. 
Diameter  at  fracture,  ".37;  area,  .1076  square  inch. 
Contraction  of  area,  57  per  cent. 
Appearance  of  fracture,  silky. 


208 


CARBON    AND   NICKEL   STEEL   INGOTS. 


No.  7796. 

Heated  to  a  yellow  (expansion,  ".090  in  7".22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  51.8 
per  cent. 

Cooled  in  the  air. 

Annealed  at  white  heat,  cooling  in  sand. 

Marks,  C6-23. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


i 


ApDlied 

loaOBper 

square 

inch. 

In  gauged  length. 

Renmrkfi. 

Elonga- 
tion. 

Set. 

Poundt.    1      Inch. 

1,000    ,       0. 

5.000    1         .0001 
10,000             .0009 
20,000             .0020 
80,000             .0081 
31,000             .0088 
81.800    I         .0085 
29,000    1         .0085 

».«»  i{    :8y8 

81,000    1          .0847 
82,000    1         .0380 
88,000             .0417 
34,000             04fin 

Inch. 

0. 

0- 

Initial  load. 

Blastlo  limit.    Load  fell. 

Tensile  strength. 

.0001 

85,000 
86,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
52,000 
54,000 
56,000 
58,000 
60,000 
61,520 
0 

.0600 

.0555 

.0656 

.0765 

.0884 

.1005 

.11 

.12 

.15 

.17 

.20 

.25 

.80 

.43 



.88 

=29.3  per  cent. 

Elongation  of  inch  sections,  ".48*,  ".22,  ".18. 
Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 
Contraction  of  area,  57  per  cent. 
Appearance  of  fracture,  silky. 


OABBON  AND  KIOKEL  STSEL  INGOTS. 

No.  7796. 
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Heated  to  a  yellow  (expansion,  ".083  in  7''.  22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Beduction,  51.2 
per  cent. 

Cooled  in  the  air. 

Annealed  at  scintillating  heat,  cooling  in  sand. 

Marks,  C6-24. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 


square 
inch. 

In  gauged  length. 

Remarks 

Elonga- 
tion. 

Set. 

1.000 
5,000 
10,000 
20.000 
28,000 
24.000 
25,000 
20,000 
27,000 
28,000 
29,000 

Inch. 

0. 
.0004 
.0010 
.0020 
.0024 
.0026 

Inch, 

0. 

0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 
=24  per  cent. 

.0086 
.0065 

.0060 
.0111 
.0180 
.0161 
.0188 
.Olio 

.0009 

,        80,000 
81,000 

.0129 

'       32,000 

1       88.000             .0880 
:       84,000    ,         .0870 
1       8^000    1         .0400 
>       86,000             .0450 
88,000             .0660 

40,000             .0035 

42,000    i         .0740 
44,000             .0660 

46,000    1         .0990 
48,000    ,         .1140 

60,000             .18 

52,000    1         .15 
54,000    <         .17 
56,000    1         .20 

58,000             .25 

60.000             .81 

62,000    '           40 

62,720 

I 

.72 

Elongation  of  inch  sections,  ".39»,  ".16,  ".18. 
Diameter  at  fracture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47.2  per  cent. 
Appearance  of  fracture,  silky. 

H.  Doc.  621,  5S-2 14 
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OARBOir   AND   NICKEL   STEEL   INGOTS. 

No.  7797. 


Heated  to  a  yellow  (expansion,  ".097  in  7".22),  and  drawn  down 
under  the  hammer  at  nearly  the  same  temperature.  Reduction,  48.2 
per  cent. 

Cooled  in  the  air. 

Reheated  to  a  bright  red  and  quenched  in  water. 

Marks,  C6-25. 

Diameter,  ".664:. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


ApDlied 

loadflper 

square 

inch. 

In  gauflred  length. 

Remarkfl. 

%!"      **• 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
50,000 
66,000 
66,000 
57,000 
56,000 
57,000 
68,000 
69,000 
60,000 
62,000 
64,000 
66,000 

Inch. 

0. 
.0008 
.0009 
.0019 
.0039 
.0069 
.0060 
.0068 
.0060 
0061 

Inch. 

0. 

0. 

Initialload. 
Elaoticlimlt.    Load  fell. 

Tensile  strength. 
=19  per  cent. 

6. 
0. 
0. 
.0002 

.0097 
.0128 
.0178 
.0210 

.0488 
.0470 
.0660 

.nA4A 



.0860 

68,000    1         .0740 
70,000              .0842 
72,000             ,0988 
74,000             .10 
76.000              .11 

78,000 
80,000 
82,000 
84,000 
85.520 

.13 
.16 
.19 
.24 

'     0 

.57 

Elongation  of  inch  sections,  ".09,  ".11,  ".37*. 
Diameter  at  fracture,  ".38;  area,  .1134  square  inch. 
Contraction  of  area,  54.6  per  cent. 
Appearance  of  fracture,  silky. 


OABBOK  Ain>  mCKEL  STEEL  IKOOT8. 


211 


rf    ^  if! 

I     Is  I       1  § 

a           *  *  o                  h  11            . 

d         ^1  .  i               S>  9         3 

^1  S    S    d  S    ?5    S  8    S    S  a    8    S  &    8    8    1^ 

-  3f  S  a  s  s;  I  8;  d  5  6  S  I  8  s  s;  a  s 

;:^  a  6  I  S  a*  I  6  s  4  8  s;  8  S  I  8  8" 


oot^4»ot^oooor«eoeot«ooo 


Ig  ^85^  8    3"   S"  S    8    8    8    S'   g    ffi    S    | 

i§~r§ §§§§§§§§§§§§§§  i 

?Sf  ^  3   8"  $   9'  sf  a   g   8   S   9   S   g   8   §   $    I 
g 

a 


8^9$ 


Ills 


ail?? 
5  I  ^  I  I 

r  i  a  ^  6  S  §  I 
;  5  I  ^   I  I  ^  I 


212 


CARBON    AND   NlCKEL   STEEL   INOOT8. 


EEEE 


CEE 


|ze  tii^ti^ 


rjiazi\\iiit\ 


\l\\l 


s^l\ 


m 


ffw 


i 


l-H 


+-h 


:.l 


}-4  .-.4-1 -.4. 


-  i  -^ 


-f-t  f  *- 


-I-: 


:rr: 


rtr^ 


f 

J 

_J  ^ 

'_^ 

c 

JZ 

•  '  ^  F  r  E  H 

iZ             Ij 

■T" 

< 

■*" 

lI                     J 

:::a  iij 

i  ^ 

" 

[        t 

j~ 

' 

-.:23S^!r235:E5 


^Fiiz^ZHESsS 


'?52: 


hiTtixS 


CEteZZC 


14 


"ir 

-H- 


4i31 


i 


S 

HL 


1-1 


CARBON    AND   NICKEL    STEEL    INOOTS. 
METAL  FROM  16^  BY  IS"'  CARBON  STEEL  INGOT. 
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Forged  Specimens,  Square  Bars  Drawn  Down  to  Square  Bars 
AT  Different  Temperatures. 

Original  dimensidns  of  specimens,  l".6Xl".6x7".26  long. 

No.  7876. 

Heated  white  hot  (expansion,  ".126  in  7".  25),  and  drawn  down  under 
the  hammer  at  same  temperature.     Reduction,  52  per  cent. 
Cooled  in  open  air. 
Marks,  1. 
Diameter,  ".664. 
Sectional  area,  .26  square  inch. 
Gauged  length,  3". 


AppUed 

loads  per 

sqoAre 

inch. 

In  gauged  length. 

Bemarlu. 

Elonga- 
tion. 

Set. 

Pottnd$. 
1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
41,000 
42,000 
48,000 
86,000 
86,000 
87.000 
88,000 
83,000 
4U.OtO 
U.OOO 
42,000 
44,  (Oi 
46,000 
48,000 
50,000 
52,000 
64.000 
56,000 
58,000 
60.000 
62,000 
64.000 
66,000 

66,480 

0 

Inch. 
0. 

.0008 
.0008 
.0018 
.0028 
.0089 
.0040 
.0042 
.0044 
.0087 
.0098 
.0110 
.0220 
.0460 
.0480 
.0600 
.0542 
.0648 
.0760 
.0695 
.1025 
.12 
.14 
.16 
.19 
.21 
.26 
.35 
.45 
f        .66 
I       .71 
1.08 

Inch. 

0. 

0. 

Initial  load. 

Elastic  Umit    Load  fell. 

6. 

.0482 

.0958 

JTemaie  strength. 

^^84.8  per  rent. 

Load  on  bar  at  time  of  rupture,  13,000  pounds =136, 140  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".27,  ".52*,  ".24. 
Diameter  at  fracture,  ".36;  area,  .0962  square  inch. 
Contraction  of  area,  61.6  per  cent. 
Fractured  1".6  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 
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CABBON   AND    NICKEL    STEEL    INGOTS. 

No.  7877. 


Heated  white  hot  (expansion,  ".126  in  7".  26),  and  drawn  down  under 
the  hammer  at  same  temperature.     Reduction,  52.9  per  cent. 
Cooled  in  sand. 
Marks,  2. 
Diameter,  ".664. 
Sectional  area,  .26  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

liemarks. 

Elonga- 
tion. 

Set 

P^nd». 
1,000 
5,000 
10,000 
20,000 
30.000 
88,000 
82,000 
83,000 
84,000 
85,000 
86.000 
88.000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62.000 
62.480 

Inch. 

0. 
.0008 
.0006 
.0019 
.0030 
.0089 
.0120 
.0128 
.0165 
.0201 
.0480 
.0565 
.0660 
.0748 
.0872 
.1008 
.1185 
.1402 
.17 
.20 
.28 
.26 
.38 
.49 
.68 
.92 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=80.7  per  cent. 

.0601 

.1883 

'     0 

Load  on  bar  at  time  of  rupture,  12,600  pounds =129, 940  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".46*,  ".25,  ".22. 
Diameter  at  fracture,  ".36;  area,  .0962  square  inch. 
Contraction  of  area,  61.6  per  cent. 
Fractured  1".06  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 


OABBON   AND   NICKEL   STEEL   INGOTS. 

No.  7878. 
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Heated  white  hot  (expansion,  ".122  in  7".26),  and  drawn  down  under 
the  hammer  at  same  temperature.     Seduction,  49.8  per  cent. 
Quenched  in  oil. 
Marks,  3. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  lengrth. 

Remarks. 

Elonga- 
tioS. 

Set. 

PoutuU. 
1,000 
5,000 
10,000 
20,000 
80,000 
86  000 
40,000 
45,000 
60,000 
51,000 
52,000 
68,000 
54,000 
66,000 
66,000 
57.000 
58,000 
59,000 
60.000 
62,000 
64.000 
66,000 
68.000 
70,000 
72,000 
74,000 
76,000 
78,000 
80.000 
82,000 
84.000 
85.200 
0 

Inch. 

0. 

.0008 
.0009 
.0018 
.0028 
.0088 
.0088 
.0044 
.0060 
.0052 
.0056 
.0059 
.0198 
.0218 
.0239 
.0267 
.0602 
.0829 
.0875 
.0462 
.0689 
.0614 
.0720 
.0807 
.09 
.10 
.11 
.18 
.17 
.21 
.27 
.86 
.60 

TnclL 

0. 

0. 

Initial  load. 
Elafltio  limit 

Tensile  strength. 
»20  per  cent. 

0. 

0. 

.0149 

.0800 

.0714 

Load  on  bar  at  time  of  rupture,  16,600  pound8= 171,810  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".10,  ".20,  ".30*. 
Diameter  at  fracture,  ".34;  area,  .0908  square  inch. 
Contraction  of  area,  63.7  per  cent. 
Fractured  1".16  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 
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CARBON   AND    NICKKL   8TEEL   INGOTS. 

No.  7879. 


Heated  to  a  bright  yellow  (expansion,  ".110  in  7". 25),  and  drawn 
down  under  the  hammer  at  same  temperature.  Reduction,  50.7  per 
cent. 

Cooled  in  open  air. 

Marks,  4. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

, 

Elonga-    1       fl_t 
tion.       1       "***• 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 

a,  000 

86,000 
87,000 
88,000 
39,000 
40,000 
42,000 
44.000 
46,000 

Inch. 

0. 

.0008 
.0008 
.0018 
0029 
.0064 
.0069 
.0041 
.0049 
.0060 

Inch. 

0. 

0. 

Initial  load. 
ElasUclliMli.    LMdfeU. 

Tensile  strength. 
=28  per  cent. 

0. 

»• 



.0485 

.0465 

.0491 

.0674 

.0670 

.0780 

.0900 

.1089 

.12 

.14 

.16 

.19 

.22 

.27 

.88 

.47 

.0442 

48.000 



50,000 
52,000 

.0971 

54,000 

56,000 
68,000 
60,000 

62,000 

64,000 

66,000 

66,060 

0 

.84 

Load  on  bar  at  time  of  rupture,  13,100  pound8= 128,680  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".19,  ".40*,  ".25. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Fracture  at  the  middle  of  the  stem. 
Appearance  of  fracture,  fine  silky,  cup>shaped. 


CABfiOIl   AND  NICKEL  8T££L  ING0T8. 
No.  7880. 


217 


Heated  to  a  bright  yellow  (expansion,  ".108  in  7".  25),  and  drawn 
down  under  the  hammer  at  same  temperature.  Reduction,  50.2  per 
cent. 

Cooled  in  sand. 

Marks,  5. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


square 
inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80.000 
85,000 
89,000 
40,000 
84,000 

Inch. 

0. 

.0008 
.0009 
.0020 
.0080 
.0086 
.0040 

Inch. 

0. 

0. 

Initial  load. 

0. 

Elastic  limit.    I^wdfell. 

Tensile  strength. 
=27  per  cent. 

noon 

85,000         .oiii 

86,000             .0251 
87,000             .0805 
88.000    ,         .0S89 
80,000    '         .0527 
40.000    1         .0571 
42,000    '         .0650 
44,000    .         .0766 
46,000    ,          .0664 
48.000    '          .1018 
60,000    i          .1148 
52,000    ;         .13 
54,000             .15 
56.000    '         .18 
58,000    .         .21 
60,000    1         .25 
62,000              -80 

.0521 

.1076 

64,000 

64,800 

0 

.40 
.54 
.81 

£x)ad  on  bar  at  time  of  rupture,  13,00<)  pounds =127,700  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".16,  ".43*,  ".22. 
Diameter  at  fracture  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Fractured  1".4:  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 
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CARBON  AND  NIC&EL   BT£EL  INGOTS. 
No.  78'81. 


i 

1 


Heated  to  a  bright  yellow  (expansion,  ".113  in  7". 25),  and  drawn 
down  under  the  hammer  at  same  temperature.  Reduction,  48.9  per 
cent. 

Quenched  in  oil. 

Marks,  6. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

squ&re 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Poundt. 
1,000 
6,000 
10.000 
20,000 
30,000 
85,000 
40,000 
45,000 
60,000 
62,000 
68,000 
61,000 
62,000 
68.000 
64,000 
66,000 
68,000 
60,000 
62,000 
64.000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78.000 
80,000 
81,280 
0 

Inch. 

0. 

.0008 
.0009 
.0020 
.0080 
.0085 
.0040 
.0045 
.0060 
.0056 
.0070 
.0076 
.0170 
.0265 
.0297 
.0382 
.0450 
.0638 
.0600 
•0710 
.0805 
.0956 
.1110 
.12 
.14 
.17 
.21 
.26 
.46 
.77 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit 
Load  fell. 

Tensile  stren^rth. 
=25. 7  per  cent. 

0. 
0. 
.0001 

.0460 

.1014 

Load  on  bar  at  time  of  rupture,  14,800  pounds =163,000  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".32*,  ".28,  ".17. 
Diameter  at  fracture,  ".34;  area,  .0908  square  inch. 
Contraction  of  area,  63.7  per  cent. 
Fractured  1".27  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 


CARBON    AND   NICKEL    STEEL    INOOTft. 

No.  7882. 
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Heated  to  a  low  yellow  (expansion,  ".093  in  7".26),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  51.6  per  cent. 
Cooled  in  the  open  air. 
Marks,  7. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loadaper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 

Tnch. 

0. 

.0008 
.0010 
.0020 
.0080 
.0085 
■  0040 
.0045 

iMh. 

0. 
0. 

Initial  load. 

20,000 

80,000 
86,000 

0. 

Elastic  limit.     LoadfelL 

Tensile  strength. 
=27  per  cent. 

40,000 
44,000 

0. 

44,600 

40,000 

.0067 

.0129 

.0810 

.0572 

.0694 

.0611 

.0655 

.0758 

.0879 

.1021 

.12 

.14 

.16 

.18 

.21 

.25 

.81 

.42 

.62 

.81 

41,000 

40,000 

41,000 

42,000 

43,000 

44,000 

46,000 

48,000 

50,000 
52,000 

.0955 

&l,000 

56,000 

58,000 

60,000 

62,000 

64,000 

66,000 

67,200 

0 

Load  on  bar  at  time  of  rupture,  13,900  pounds =129,300  pounds 
per  square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".46*,  ".19,  ".16. 

Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 

Contraction  of  area,  57  per  cent. 

Fractured  ".6  from  the  neck. 

Appearance  of  fracture,  fine  silky,  cup-shaped. 
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CARBON    AND    NICKEL   STEEL    INGOTS. 

No.  7883. 


Heated  to  a  low  yellow  (expansion,  ".100  in  7". 25),  and  drawn  dpwn 
under  the  hammer  at  same  temperature.     Reduction,  52  per  cent. 
Cooled  in  sand. 
Marks,  8. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


1 

Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Bemarks. 

^,?X-          set. 

Poundt. 
1,000 
5,000 
10,000 
20,000 
80.000 
85,000 
38.000 
84,000 
85,000 
36.000 
37,000 
89,000 
40,000 
41,000 

Tnch. 

0. 
.0003 
.0009 
.0019 
.0029 
.0084 
.0038 
.0100 
.0115 
.0255 
.0405 
.0600 
.0648 
.0692 
.0760 
.0823 
.0898 
.1042 
.1193 
.1390 
.16 
.18 
.22 
.27 
.35 

■.ti 

.98 

Inch, 

0. 

0. 

Initial  load. 
Elasticlimit.    Load  fell. 

TensUe  strength. 
=32.7  per  cent. 

0. 

.0600 

'        42,000 
43,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
68,040 
0 

.1326 

Load  on  bar  at  time  of  rupture,  12,900  pounds= 120,000  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".50*,  ".27,  ".21. 
Diameter  at  fracture,  ".37;  area,  .1076  square  inch. 
Contraction  of  area,  57  per  cent. 
Fi-actured  1".  18  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 


CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  7884. 
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Heated  to  a  low  yellow  (expansion,  'MOO  in  7". 25),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  48.4  per  cent. 
Quenched  in  oil. 
Marks,  9. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

square 
Inch. 

In  gauged  length. 

Remarkfl. 

Elonga- 
tion. 

Set 

PowuU. 
1,000 
5,000 
10,000 
20.000 
80,000 
85,000 
40,000 
45,000 
50,000 
52,000 
58,000 
48,000 
49,000 
50,000 
51,000 
52,000 
54,000 
56,000 
58,000 
60.000 
62,000 
64,000 
66,000 
68,000 
70.000 
72,000 
74,000 
76,000 
78,000 
78,880 
0 

Inch. 

0. 

.0008 
.0008 
.0019 
.0029 
.0084 
.0089 
.0044 
.0049 
.0052 

Inch. 

0. 

0. 

Initial  load. 
ElantlcUmit.    Load  fell. 

Tensile  strength. 
=21.3  per  cent. 

0. 

0. 

.0001 

.0093 

.0098 

.0180 

.0154 

.0824 

.0378 

.0456 

.0545 

.0627 

.0704 

.0880 

.0945 

.1096 

.1275 

.15 

.17 

.21 

.27 

.85 

.64 

.0079 

.0552 

.1179 

Load  on  bar  at  time  of  rupture,  14,800  pounds =153,850  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".10,  ".41*,  ".13. 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  1".48  from  the  neck. 

Appearance  of  fracture,  fine  silky,  cup-shaped. 
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CABBOK   AND   NICKEL   STEEL   INGOTS. 
No.  7886. 


Heated  to  a  cherry  (expansion,  ".079 
under  the  hammer  at  same  temperature. 
Cooled  in  the  open  air. 
Marks,  10. 
Diameter,  ".664. 
Sectional  area,  .26  square  inch. 
Gauged  length,  3". 


in  7". 26),  and  drawn  down 
Reduction,  48 A  per  cent 


AppUed 

loads  per 

Bqnare 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
44,000 
40.000 
41,000 
42.000 
48,000 
44,000 
46,000 
48,000 
60,000 
52,000 
54,000 
56,000 
58,000 
60.000 
62,000 
64,000 
66,000 
66.560 
0 

Inch. 

0. 
.0004 
.0010 
.0020 
.0080 
.0085 
.0041 
.0044 
.0112 
.0440 
.0800 
.0620 
.0659 
.0766 
.0875 
.1005 
.12 
.14 
.16 
.19 
.22 
.26 
.82 
.44 
.58 
.80 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

ensile  strength. 
=.26.7  per  cent. 

0. 

- 

.0940 

Elongation  of  inch  sections,  ".19,  ".48*,  ".13. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  69.3  per  cent. 
Fractured  at  the  middle  of  the  stem. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 


CARBON   AND   NICKEL   STEEL   INGOTB. 
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No.  7886. 

Heated   to  a  cherry  (expansion,  ".092 
under  the  hammer  at  same  temperature. 
Cooled  in  sand. 
Marks,  11. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3''. 


in  7". 26),  and  drawn  down 
Reduction,  62  per  cent. 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

KJonga- 
tion. 

Set. 

Pwnd9. 
1,000 
5.000 
10.000 
20,000 
SO,  000 
86.000 
40,000 
41,000 
87,000 
88,000 
89,000 
40,000 
41.000 
42,000 
44.000 
46,000 
48,000 
60,000 
(2,000 
M.00O 
66,000 
68,000 
60,000 
62,000 
64.000 
66,120 
0 

Inch. 
0. 
.0004 

.0010 
.0019 
.0029 
.0064 

.0069 

.0060 

.0160 

.0280 

.0496 

.0685 

.0660 

.0600 

.0702 

.0680 

.0947 

.1128 

.18 

.15 

.17 

.20 

.24 

.26 

.87 

.48 

.86 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Load  fell. 

Tensile  strength. 
—28.8  per  cent. 

0. 

.0466 

.1061 

Load  on  bar  at  time  of  rupture,  13,100  pounds  =121,860  poimds  per 
square  inch  on  area  at  f  ractura. 
Elongation  of  inch  sections,  ".17,  ".34*,  ".34*. 
Diameter  at  fracture,  ".37;  area,  .1076  square  inch. 
Contraction  of  area,  67  per  cent. 
Fractured  1".84  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped 


X 
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CAEBON   AND   NICKEL   STEEL  INGOTS. 

No.  7887. 


y 


Heated  to  a  cherry  (expansion,  ".079  in  7". 25),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  50.2  per  cent. 
Quenched  in  oil. 
Marks,  12. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Remarkfl. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5.000 
10,000 
20,000 
30.000 
86,000 
40,000 
45.000 
60,000 
62.000 
64,000 
55,000 
56,000 
51,000 
52,000 
68.000 
64,000 
62,000 
68,000 
64,000 
56.000 
66,000 
68,000 
60.000 
62,000 
64,000 
66,000 
68.000 
70.000 
72.000 
74,000 
76,000 
78,000 
78  800 

Inch. 

0. 

.0004 
.0010 
.0020 
.0060 
.0084 
.0089 
.0044 
.0049 
.0061 
.0068 
.0054 
.0060 
.0089 
.0114 
.0144 
.0164 
.0826 
.0869 
.0420 
.0486 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Load  fell. 

Tensile  strength. 
=24.8  per  cent. 

0. 

0. 

0. 

.0475 
.0560 



.0662 
.0744 
.0879 
.1003 
.1161 

.0674 

.1861 
.16 

.1253 

.18 
.28 
.80 
.46 

.n 

'            '     0 

Load  on  bar  at  time  of  rupture,  14,800  pounds =163,000  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  .sections,  ".12,  ".16,  ".45*. 
Diameter  at  fracture,  ".34;  area,  .0908  square  inch. 
Contraction  of  area,  63.7  per  cent. 
Fractured  1".05  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 


/" 


GABBON   AND    NICKEL   STEEL    INGOTS. 

No.  7888. 
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Heated  to  a  blood  red  (expansion,  ".066  in  7".25),  and  drawn  down 
under  the  banimer  at  the  same  temperature.     Reduction,  49.8  per  cent. 
Cooled  in  the  open  air. 
Marks,  13. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 

In  gaogred  length. 

Elonga- 
tion. 

Set. 

Remarks. 

1,000 
6,000 
10,000 
20,000 
80,000 
86,000 
40,000 
46,000 
46,000 
47,000 
48.000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 

Inch, 

0. 

.0004 
.0010 

.0080 
.0034 
.0040 
.0048 
.0052 
.0064 

Inch. 

0. 

0. 

Initial  load. 

0. 

.0001 
.0006 

Elastic  limit.    Load  fell. 

.0099 
.0140 
.0730 
.0760 
.0609 
.0897 

60,000    1         .1640 
62,000    '          .12 
64,000              .14 

.0984 

66.000 
68,000 
60.000 
62,000 
64,000 
64,600 
0 

.16 
.19 
.28 
.29 
.89 
.50 
.71 

Teniillc  strength. 



^  23.7  per  cent. 

Elongation  of  inch  sections,  ".34*,  ".23,  ".14. 
Diameter  at  fracture,  ".43;  area,  .1452  square  inch. 
Contraction  of  area,  41.9  per  cent. 
Fractured  ".85  from  the  neck. 
Appearance  of  fracture,  silky,  oblique. 

H.  Doc.  521,  68-2 15 
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CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  7889. 


Heated  to  a  blood  red  (expansion,  ".060  in7".26),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  52  per  cent. 
Cooled  in  sand. 
Marks,  14. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pcmnds.         Inch. 
1,000           0. 
6,000             .0008 
10, 000               -  0009 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit.    T<aad  fell. 

20,000 
30,000 
85,000 
40,000 
46,000 
60,000 
51,000 
43,000 
44.000 
45,000 
46,000 
47.000 
48,000 
49,000 
50,000 
52,000 
54,000 
66,000 
58,000 
60,000 
62,000 
64,000 
66.000 
66,960 
0 

.0019 

.0029 
.0034 

0. 

.0039 

.0044 

.0050 

.0051 

.0138 

.0171 

.0787 

.0764 

.0799 

.0852 

.0900 

.0983 

.11 

.12 

.15 

.17 

.20 

.23 

.80 

.40 

.60 

.89 

0. 

0. 

.0917 

Present  diameter  of  stem,  ".566. 

Tensile  strength. 
=29.7  per  cent 

Load  on  bar  at  time  of  rupture,  13,100  pounds= 128,680  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".15,  ".25,  ".49*. 

Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 

Contraction  of  area,  59.3  per  cent. 

Fractured  1"  from  the  neck. 

Appearance  of  fracture,  fine  silky,  cup-shaped. 


CARBON    AND   NICKEL   8TBEL   INGOTS, 

No.  7890. 
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Heated  to  a  blood  red  (expansion,  ".065  in  7". 25),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  51.6  per  cent. 

Suenched  in  oil. 
arks,  15. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  8". 


square 
inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
50,000 
56.000 
56.000 
56,800 
52,000 
53,000 
54.000 
55,000 
56,000 
57,000  • 
58,000 
59,000 
60.000 
62,000 
64,000 
66,000 
68,000 
70,000 
72.000 
74,000 
76,000 
78,000 
79,280 
0 

Inch. 
0. 

.OOOH 
.0018 
.0028 
.0088 
.0088 
.0048 
.0048 
.0055 
.0060 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Load  fell. 

Present  diameter  of  stem,  ".KB, 

Present  diameter  of  stem,  ".652. 

Tensile  strength. 
=28.8  per  cent. 

0. 

0. 

.0109 

.0159 

.0221 

.0820 

.0452 

.0475 

.0526 

.0660 

.0612 

.0709 

.0684 

.0938 

.1100 

.1246 

.15 

.17 

.20 

.27 

.37 

.70 

.0587 

.1150 

Load  on  bar  at  time  of  rupture,  15,200  pounds= 168,000  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".07,  ".16,  ".47*. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Fractured  ".85  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 
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CAKBON   AND   NICKEL   STEEL   INGOTS. 
No.  7891. 


Heated  white  hot  (expansion,  ".117  in  7". 25),  cooled  to  cherry  red 
(expansion  now  ".069  in  7". 25),  then  drawn  down  under  the  hammer 
at  latter  temperature.     Reduction,  52.4  per  cent. 

Cooled  in  the  open  air. 

Marks,  16. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaoBper 

square 

inch. 

In  gauged  length. 

Remarks.                                         { 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
86,000 
40,000 
46,000 
47,000 
48,000 
40,000 
41,000 
42,000 
48,000 
44,000 
46,000 
48,000 
60,000 
62,000 
64,000 
66,000 
68,000 
60,000 
62,000 
64,000 
66,000 
66,660 
0 

Inch. 

0. 
.0008 
.0006 
.0018 
.0028 
.0088 
.0088 
.0048 
.0046 

Inch, 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 
Present  diameter  of  stem,  ".554. 

0. 

0. 

.0152 

.0440 

.0630 

.0612 

.0660 

.0755 

.0666 

.1016 

.11+ 

.18 

.16 

.18 

.20 

.24 

.80 

.0950 

.48 
.66 
.88 

Tensile  strength. 

.. 

=27.7  per  cent. 

'■ 

Load  on  bar  at  time  of  rupture,  12,900  pounds  =  134,100  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".14,  ".49*,  ".20. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area^  61.5  per  cent. 
Fractured  at  the  middle  of  the  stem. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 


CARBON    AND   NICKEL    STEEL    INGOTS. 

No.  7892. 
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Heated  white  hot  (expansion,  ".120  in  7". 26),  cooled  to  cheny  red 
(expansion  now  ".061  in  7". 25),  then  drawn  down  under  the  hammer 
at  latter  temperature.     Reduction,  53.8  per  cent. 

Cooled  in  sand. 

Marks,  17. 

Diameter,  ".664. 

Sectional  area,  .26  square  inch. 

Grauged  lengfth,  3". 


Applied 

loads  per 

aquare 

inch. 

Id  gau«red  leii«rth. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
86,000 
40,000 
46,000 
46,000 
46,600 
80,000 
40.000 
41,000 
42.000 
48,000 
44,000 
46,000 
41^,000 
50,000 

6a,ooo 

64,000 
56,000 
68,000 
60,000 
62,000 
68,600 
0 

Inch, 

0. 

.0008 
.0006 
.0019 
.0029 
.0084 
.0088 
.0043 
.0044 

Inch, 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Present  diameter  of  stem,  ".662. 

TenaUe  strength. 
=28.7  per  cent. 

0, 

-.0001 

.0101 

.0140 

.0696 

.0740 

.0770 

.0686 

.0940 

.1116 

.1291 

.16 

.17 

.20 

.24 

.80 

.89 

.62 

.86 

.1224 

Load  on  bar  at  time  of  fracture,  13,200  pounds =129,670  pounds 
per  square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  "48*,  ".20,  ".18. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inches. 
Contraction  of  area,  59.3  per  cent. 
Fractured  ".75  from  the  neck. 
Appearance  of  fracture,  fine  silky. 
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CARBON   AND   NICKKL   STEEL   INGOTS. 
No.  7893. 


Heated  white  hot  (expansion,  ".112  in  7".  26),  cooled  to  cherry  red 
(expansion  now  ".054  in  7". 25),  then  drawn  down  under  the  hammer 
at  latter  temperature.     Reduction,  49.8  per  cent. 

Quenched  m  oil. 

Marks,  18. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
l.OUO 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
50,000 
66,000 
60,000 
63,000 
64,000 
57,000 
58,000 
69,000 
60,000 
61,000 
62,000 
63,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
84,160 
0 

Inch. 

0. 

.0003 
.0009 
.0018 
.0028 
.0083 
.0038 
.0048 
.0063 
.0068 
.0061 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Tioad  fell. 
Present  diameter  of  stem,  ".560. 

Prwent  diameter  of  stem,  ".556. 

Tensfle  strength. 
=22  per  cent. 

0. 

0. 
0. 
0. 
0. 

.0180 

.0140 

.0163 

.0280 

.0287 

.0678 

.0696 

.0631 

.0722 

.0825 

.0948 

.11 

.12 

.14 

.17 

.20 

.23 

.82 

.40 

.66 

.0164 

.0666 

Load  on  bar  at  time  of  rupture,  16,400  pounds  =161,100  pounds 
per  square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".14,  ".11,  ".41*. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Fractured  ".50  from  the  neck. 
Appearance  of  f  i*acture,  fine  silky,  cup-shaped 


CARBON   AND   NICKEL   STEEL   INGOTS. 
No.  7894. 
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Heated  white  hot  (expansion,  ".116  in  7".26),  cooled  to  blood  red 
(expansion  now  ".050  in  7". 26)^  then  drawn  down  under  the  hammer 
at  latter  temperature.     Reduction,  49.8  per  cent. 

Cooled  in  the  open  air. 

Marks,  19. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

iDCh. 

In  gauged  length. 

Remarks. 

Elonga- 
tioiT. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
60,000 
61,000 
62,000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
60,000 
52.000 
64,000 
66,000 
68,000 
60,000 
62,000 
64,000 
66,000 
66,400 
0 

Inch. 

0. 

.0008 
.0008 
.0019 
.0029 
.0068 
.0049 
.0060 

Tnch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=88  per  cent. 

0. 
0. 

.0124 
.0145 
.0266 
.0678 
.0798 

.0844 

.0908 

.1040 

.12 

.14 

.16 

.18 

.22 

.26 

.82 

.49 

.64 

.99 

.0974 

Elongation  of  inch  sections,  ".24,  ".29,  ".46*. 
Diameter  at  fracture,  ".38;  area,  .1134  square  inch. 
Contraction  of  area,  54.6  per  cent. 
Fractured  l".l  from  the  neck. 
Appearance  of  fracture,  silky,  oblique. 
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CABBON    AND   NICKEL   STEEL    INGOTS. 


No.  7895. 

Heated  white  hot  (expansion,  ".120  in  7".26),  cooled  to  blood  red 
(expansion  now  ".040  in  7". 25),  then  drawn  down  under  the  hammer 
at  latter  temperature.     Reduction,  60.2  per  cent. 

Cooled  in  sand. 

Marks,  20. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  por 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
49.000 
60,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
60,000 
62,000 
64,000 
66,000 
68,000 
60,000 
62,000 
64,000 
66,000 
68,000 
68,080 
0 

Inch. 

0. 

.0003 
.0006 
.0018 
.0028 
.0038 
.0047 

Inch. 
0. 

Initial  load. 

Ela;Btic  limit.    I/>adfell. 

Tensile  strength 
=  29  per  cent. 

0. 

.0084 

.0132 

.0655 

.0788 

.0794 

.0829 

.0911 

.11 

.18 

.14 

.16 

.19 

.22 

.27 

.38 

.47 

.59 

.87 

.0847 

Load  on  bar  at  time  of  rupture,  13,600  pounds  =  126^510  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".15,  ".50*,  ".22. 
Diameter  at  fracture,  ".37 ;  area,  .1075  square  inch. 
Contraction  of  area,  57  per  cent. 
Fractured  1".7  from  the  neck. 
Appearance  of  fiucture,  fine  silky. 


CABliON    AND    NICKEL   STEEL    INGOTS. 

No.  7896. 


233 


Heated  white  hot  (expansion,  ".126  in  7".26),  cooled  to  blood  red 
(expansion  now  ".062  in  7". 25),  then  drawn  down  under  the  hammer 
at  latter  temperature.     Reduction,  60.2  per  cent. 

Quenched  m  oil. 

Marks,  21. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


Potmd$. 
1,000 
5,000 
10,000 
20.000 
80.000 
40,000 
50,000 
55,000 
56,000 
57,000 
54.000 
55,000 
56,000 
57.000 
58,000 
59,000 
60,000 
62.000 
64,000 
66.000 
68,000 
70,000 
72.000 
74.000 
76,000 
78.000 
80,000 
80,640 
0 


In  gauged  length. 


Elonga- 
tion. 


Set. 


Inch. 
0. 

.0003 

.0008 

.0018 

.0028    I 

.00S7  0. 

.0048  0. 

.0054    

.0056    ! 


Inch. 

0. 

0. 


.0090 

.0116 

.0402 

.0427 

.0471 

.0514 

.0571 

.0623 

.0765 

.0867 

.0995 

.1156 

.18 

.16 

.10 

.28 

.29 

.48 

.71 


.0495 


.1068 


Remarks. 


InltUl  load. 


ElasUc  limit    Load  fell. 


Present  diameter  of  stem,  ".558. 


Present  diameter  of  stem,  ".558. 


Tensile  strength. 
»23.7  per  cent. 


Load  on  bar  at  time  of  rupture,  15,200  pounds  =  158,000  pounds 
per  square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".41*,  ".17,  ".13. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Fractured  1"  from  the  neck. 
Appeamnce  of  fracture,  fine  silky. 
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CARBON    AND   NICKEL   STEEL   INGOTS. 


No.  7897. 


Heated  to  a  low  yellow  (expansion,  ".102  in  7". 26),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  20  per  cent 
Cooled  in  air. 
Marks,  22. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


AppUed 

loads  per 

square 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
41,000 
42,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
62,000 
54,000 
56.000 
58,000 
60,000 
62,000 
63,840 
0 

Inch. 

0. 

.tXW3 
.0008 
.0019 
.0029 
.0039 
.0040 
.0042 
.0107 
.0192 
.0610 
.0640 
.0667 
.0718 
.0786 
.0835 
.0909 
.1067 
.1283 
.14 
.16 
.19 
.23 
.27 
.85 
.66 
.73 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit    LoadfeU. 

Tensile  strength. 
=  24.3  per  cent. 

0. 
0. 

.1169 

Load  on  bar  at  time  of  rupture,  18,200  pounds  =  95,810  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".18,  ".80*,  ".80. 
Diameter  at  fracture,  ".42;  area,  .1885  square  inch. 
Contraction  of  area,  44.6  per  cent. 
IVactured  1".40  from  the  neck. 
Appearance  of  fracture,  silky,  oblique,  irregular  surface. 


CABBON    AND   NICKEL   STEEL   INGOTS. 

No.  7898. 
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Heated  to  a  low  yellow  (expansion,  ".085  in  7". 25),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  19.0  per  cent. 
Cooled  in  sand. 
Marks,  23. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


Pound9, 
1,000 
6,000 
10,000 
20,000 
80.000 
40,000 
41.000 
86,000 
87,000 
38.000 
89,000 
40,000 
41,000 
42,000 
44.000 
46,000 
48,000 
60,000 
62,000 
64,000 
66,000 
68,000 
60,000 
62.000 

68,440 

0 


In  gauged  length. 


Elonga- 
tion. 


Inch, 
0. 
.0008 

.0009 

.0019 

.0029 

.0089 

.0042 

.0111 

.0119 

.0641 

.0657 

.0602 

.0626 

.0677 

.0794 

.0988 

.1061 

.1266 

.16 

.17 

.20 

.28 

.28 

.86 

.48 

.67 

.77 


Set. 


IrielL 

0. 

0. 


.0644 


.1199 


Remarks. 


Initial  load. 


Elasticllmit 
fell. 


Present  diameter  of  stem,  ".668. 


Present  diameter  of  stem,  ''.662. 


^Tensile  strength. 
»  26.7  per  cent 


Elongation  of  inch  sections,  ".19,  ".39*,  ".19. 
Diameter  at  fracture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47.2  per  cent. 
Fractured  1".5  from  the  neck. 
Appearance  of  fracture,  silky. 
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OABBOK   AND   NICKEL   STEEL   INGOTS. 
No.  7899. 


Heated  to  a  low  yellow  (expansion,  ".084  in  7".25),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  21.3  per  cent. 
Quenched  in  oil. 
Marks,  24. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

sqimre 

inch. 

PouruU. 
1.000 
5,000 
10,000 
20.000 
80,000 
40.000 
45,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74.000 
76,000 
78,000 
80,000 
82,000 
84,000 
84,400 
0 

In  gauged  length. 

RemarkB. 

Elonga- 
tion. 

Set. 

Inch. 
0. 

.0004 
.0010 
.0020 
.0029 
.0040 
.0045 
.0060 
.0053 
.0065 
.0072 
.0146 
.0220 
.0252 
.0275 
.0310 
.0384 
.0450 
.0538 
.0625 
.0712 
.0817 
.09 
.10 
.12 
.15 
.18 
.21 
.27 

Inch. 

0. 

0. 

InitUIload. 
Elastic  limit 

Tensile  strength. 
=16.3  per  cent. 

0. 

.0001 

.0312 

.0726 

.49 

Elongation  of  inch  sections,  ".28*,'  ".11,  ".10. 

Diameter  at  fracture,  ".42;  area,  .1386  square  inch. 

Contiuction  of  area,  44.6  per  cent. 

Fractured  1"  from  the  neck. 

Appearance  of  fracture,  silky,  oblique,  irregular  surface. 


CARBON    AND   NICKEL   STEEL   INGOTS. 


No.  7900. 
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Heated  to  a  low  yellow  (expansion,  ".090  in  7". 25),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  26.2  per  cent. 
Cooled  in  the  open  air. 
Marks,  25. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,0U0 
5,000 
10,000 
20,000 
80,000 
40,000 
41,000 
88,000 
39,000 
40.000 
42,000 
44,000 
48,000 
48.000 
60,000 
62,000 
64,000 
66,000 
68,000 
60,000 
62,000 
64,000 

Inch. 

0. 
.0003 
.0008 
.0018 
.0029 
.0089 

Inch. 
0. 
0. 

Initial  load.                                                                              ' 

Elastic  limit.  Load  fell. 

0. 

.0088 
.0210 
.0580 
.0627 
.0728 
.0818 
.0960 

1 

i 

1 

1 

.1096 

.18 

.16 

.17 

.20 

.24 

.29 

.87 

.iOM 

1 

1 

1 

Tensile  strength. 

•" 

»24.8  per  cent. 

Load  on  bar  at  time  of  rupture,  13,600  pounds =126,510  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".16,  ".42*,  ".15. 
Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 
Contraction  of  area,  67  per  cent. 
Fractured  1".48  from  the  neck. 
Appearance  of  fracture,  silky,  oblique. 
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GABBON   AND   NICKEL   STEEL   INGOTS. 
No.  7901. 


Heated  to  a  low  yellow  (expansion,  ".093  in  7".25),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  30.2  per  cent. 
Cooled  in  sand. 
Marks,  26. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  lengtn,  3". 


AppUed 

sqnaie 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

PouTids. 
1,000 
5,000 
10.000 
20,000 
80,000 
40,000 
41,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
44,000 
46,000 
48.000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64.000 
65,040 
0 

Inch. 

0. 
.0004 
.0010 
.0020 
.0030 
.0041 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=30.7  per  cent. 

.0001 

.0079 

.0520 

.0540 

.0585 

.0609 

.0660 

.0789 

.0908 

.1060 

.1190 

.14 

.16 

.19 

.22 

.26 

.82 

.48 

.62 

.92 

.0588 

.1125 

Load  on  bar  at  time  of  fracture,  13,600  pounds= 119,930  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".24,  ".47*,  ".21. 
Diameter  at  fracture,  ".38;  area,  .1134  square  inch. 
Contraction  of  area,  54.6  per  cent. 
Fractured  1".55  from  the  neck. 
Appearance  of  fracture,  fine,  silky. 


CARBON    AND    NICKEL   STEEL    INGOTS. 

No.  7902. 
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Heated  to  a  low  yellow  (expansion,  ".095  in  7".25),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  32  per  cent. 
Quenched  in  oil. 
Marks,  27. 
Dianaeter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loaosper 

square 

Inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks.                                       | 

1 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
45,000 
50,000 
58,000 
54,000 
55,000 
53,000 
54,000 

Inch. 

0. 

.0004 
.0010 
.0020 
.0081 
.0041 
.0046 
.0051 
.0066 
.0058 
.0080 
.0089 
.0185 
.0240 
.0276 
.0839 
.0410 
.0473 
.0561 
.0644 
.0740 
.0850 
.10 
.11 
.18 
.14 
.17 
.20 
.27 
.87 
.60 

Inch, 

0. 

0. 

Initial  load. 

0. 

0. 

Elastic  limit 

Load  fell. 

Tensile  strength. 

1       55.000 

66,000 

58,000 

60,000 
1        62,000 

.0685 

'       64,000 

1       66,000 

68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
85,200 
0 

.0760 

—  20  per  cent. 

Load  on  bar  at  time  of  rupture,  16,300  pounds =160,120  pounds 
per  square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".38*,  ".11,  ".11. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  69.3  per  cent. 
Fractured  ".65  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 
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CARBON   AND   NICKEL   STEEL    INGOTS. 

No.  7903. 


Heated  to  a  low  yellow  (expansion  ".097  in  7". 25),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  47.1  per  cent. 
Cooled  in  sand. 
Marks,  28. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loadBper 

square 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40.000 
86,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
48,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
64,480 
0 

Inches. 

0. 

.0003 
.0006 
.0018 
.0028 
.0089 
.0058 
.0072 
.0114 
.0559 
.0596 
.0615 
.0669 
.0715 
.0800 
.0905 
.1059 
.1210 
.14 
.16 
.19 
.22 
.27 
.35 
.49 
.70 

1.08 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

TensUe  strength. 
=84.3  per  cent. 

0. 

.0545 

.1148 

Load  on  bar  at  time  of  rupture,  12,900  pounds =120,000  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".52*,  ".30,  ".21. 
Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 
Contraction  of  area,  57  per  cent. 
Fractured  ".75  from  the  neck. 
Appearance  of  fracture,  fine  silky. 


CARBON    AND   NICKEL   STEEL    INGOTS. 


241 


o 


I 

I 

I 

I 

i 


s  i 

pa   r 


< 
P 


f 

CO 


§5 

H 
O 

I 


a  i 


OQ 


w5 


! 


l&&^aa&&&aai 


1    & 

a 


-^      ?J      I      ^      a      S 


S  ^;  8  I  I 

tf    ft    ®    2    **" 


2    55 


&    ?. 


^11 


;2  s 


8^ 


^1 


I 


>o      lO      t»      eo      CO 
<o      to      to      S      S 


00      o 


CO       lO 


jeo     t^     o     o     o 

Ss'  ^  s  ^  s^' 


^  ^ 


l^       00 


eo     i^ 


»>-      eo 

S    ?5 


i^    i^ 
^    S 


|S  I  i  §  i 
IS  s  s  s  s 


I  I 


S    2 


^  s 


!§§§§! 

g^"   8    S    5    § 


^  §s  s 


§  § 

5  ^ 


§  §  § 


IS   ss 


18    ^*   $ 


Is 


O       8>       OC       t»        d 


S    S    $    :2    S3    $ 


4  si 


C4       OO 

S  4 


fl  .fl 

gogi 


§  •sill 


g    2gSg 
"«   •SS.'Sg. 

1  mi 

"^^  ^  n  Jr  aJ 


I 


H.  Doc.  521,  68-2 16 


242 


OAEBON   AND  NICKEL   STEEL    INGOTS. 


s: 

>j 

c 

o 

O 

'2 

1 

OQ 

s 

w 

G 

(4 

■*-• 

p 

1 

s 

(I 

O 

;^ 

f^ 

Q 

< 

H 

05 

H 

1 

^ 

M 

C3 

:3 

o 

^ 

a^ 

H 

^ 

-< 

O 

*o 

S 

'A 

s 

^ 

^ 

©0 

S 

-< 

^n 

P 

s 

>>< 

^ 

;3 

o 

o 

^. 

f^ 

H 

k, 

J?5 

CO 

1 

^ 

r. 

tq 

^ 

a. 

^ 

tX4 

o 

>, 

c 

CO 

s 

^ 

^ 

bs 

K 

bs 

fij 

O 

rK 

& 

QQ 

fq 

r^ 

o 

kx 

CO 

1 

so 


ua 


*5    p 

S  "  9i  3  «* 

h5    ff- 


1  1 


1 

0 


2    ^  •  -  • 

ft  ^.r:  >.  >>  >k 

°l»  i  I  i 

»JS      •-  00  B  OC 

a«a  I  I  I 

aa     cc  E  K  S 


^    I    S    S    g    S 
::f   gf   I    5:f   I    I 


»o     rt     '-I     ri 


§!     ^     S*    g? 


•  CO      (O      o      >o      «o 

Es  :s  So'   ^   :$ 


<o     CO     o 

2    S    !o' 


i;i  8  a  si  s  i^  s  s  8  ^  s 


i§  I  §  I  I  f  I  §  I  i  I 


u  u  a> 

a**  d  " 


id 
IS 


g"   S    S    qf    3    1^   S' 


N    ^    S    S    a    S    d    8    8    S    5? 


§  §  s 

ace 

S    ^    ?5 

o     o     o 

•O      •O      "O 


a     a 


a    6 


i  i  i 


§     S 


iii|i|i|if 

=    3   B   ta   K 


a   a 
a   a 


§   S 

o     o 


i  i 


d 
d 


g     g 


no      -e 


T3      "O      "d      "O      "O      "S 

d     a     d     s     d     d 

eO       4       S  h'  4       8       4 

«  S'S  d'3  2."*  S*®  c'S  5 

>.  g  PvS  j^  5*  >»  g  >rS  >»  g 

o**  o^  0-- o*^  ojg  o— 
'^'d'^  o  "V  "p  o'~''P 
•o  ^T?  d*©  ^v  ^"d  dTj  ** 

n  n  s  u  u  (z] 


55* 


i  I  i  i 


Av- 


'AV. 


ilr- 


14.- 


ySri'i^f"  t 


^f-^ 


t: 


:§j;: 


4^ 


W- 


iil'A 


im 


mviiz 


It 


^i^ 


55!**: 


-:!SEE2S3:S3aS 


HZ?: 


GABBON    AND    NICKEL    STEEL    INGOTS. 


243 


16''  BY  18''  CARBON  STEEL  INGOT, 

(See  Report  of  1902,  cut  No.  8,  following  p.  204.)  Block  forced 
in  Arsenal  smith  shop  into  form  of  cylindrical  hoop,  at  a  forging 
heat.  Three  tangential  specimens,  Nos.  1,  2,  and  3,  taken  from  a  ring 
cut  out  of  the  hoop. 

No.  7871. 
Marks,  1. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


AppUed 

square 
Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds, 
1,000 
6,000 
10,000 
20,000 
80,000 
81.000 
28,000 
29,000 
80,000 
31,000 
82,000 
83,000 
84,000 
86,000 
86,000 
88,000 
40.000 
42,000 
44,000 
46,000 
48,000 
60,000 
62,000 
64,000 
66,000 
68,000 
60,000 
60,400 
0 

Inch, 

0. 
.0008 
.0009 
.0020 
.0034 

Inch, 

0. 

0. 

IniUal  load. 

Elastic  limit 
Load  fell. 

■Tensile  strength. 
=28.3  per  cent. 

.0003 

.0068 

.0084 

.0188 

.0212 

.0401 

.0464 

.0497 

.0666 

.0667 

.0687 

.0610 

.10 

.11 

.12 

.14 

.16 

.20 
.28 
.28 
.36 
.62 

.86 

Load  on  bar  at  time  of  rupture,  12,000  pounds= 111,630  pounds 
per  square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".16,  ".44*,  ".26. 
Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 
Contraction  of  area,  67  per  cent. 
Fractured  1".48  from  the  neck. 
Appearance  of  fracture,  fine  silky. 
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OABBON    AND   NICKEL   STEEL   INGOTS. 

No.  7872. 


Marks,  2. 

Diameter,  ".564. 

Sectional  area,  .25.  square  inch. 

Gauged  length,  3". 


ApDUed 

loads  per 

square 

Inch. 

Remarks. 

Elonga- 
tion. 

Set. 

Faundt. 
1,000 
5,000 
10,000 
20,000 
28,000 
29,000 
80,000 
81,000 
82,000 
27,000 
28,000 
29,000 
80,000 
81,000 
84,000 
86,000 
88,000 
40,000 
42.000 
44,000 
46,000 
48,000 
50,000 
62,000 
54,000 
54,400 
0 

IneK 

0. 

.0008 
.0009 
.0020 
.0029 
.0080 
.0082 
.0068 

Inch, 

0. 

0. 

Initial  load. 

TensUe  strength. 
=12.7  per  cent. 

.0001 

.0065 

.0125 

.0157 

.0179 

.0247 

.0600 

.0704 

.0818 

.0948 

.12 

.14 

.16 

.18 

.20 

.28 

.29 

••••■•*••••• 

.88 

Elongation  of  inch  sections,  ".10,  ".09,  ".19*. 

Diameter  at  fracture,  ".51;  area,  .2043  souare  inch. 

Contraction  of  area,  18.3  per  cent. 

Fractured  l".l  from  the  neck. 

Appearance  of  fracture,  dull  gray,  amorphous,  irregular  surface. 


CABBON    AND   NICKEL   STEEL   INGOTS. 

No.  7873. 
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Marks,  3. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loaOBper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
5,000 
10,000 
20,000 
28,000 
29,000 
80,000 
81,000 
81,800 
29,000 
80,000 
81,000 
32,000 
88.000 
84,000 
86,000 
88,000 
40,000 
42,000 
44,000 
40,000 
48,000 
60,000 
62,000 
54.000 
56,000 
68,000 
60,000 
0 

Inch. 

0. 

.0008 
.0009 
.0020 
.0029 
.0061 
.0082 
.0063 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
a29  per  cent 

0. 

.0083 

.0102 

.0143 

.0468 

.0478 

.0516 

.0626 

.0725 

.0666 

.10 

.11 

.18 

.14 

.17 

.20 

.24 

.29 

.86 

.60 

.87 

Elongation  of  inch  sections,  ".17,  ".88*,  ".32. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Fracture  1".68  from  the  neck. 
Appearance  of  fracture,  fine  silky. 
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METAL  FROM  16"'  BY  18^'  NICKEL-STEEL  INGOT 

Unforged  Specimens  after  Heat  Treatment  of  the  Steel. 

No.  7642. 

Heated  to  a  straw  color,  cooled  in  dry  sand.     Subsequently  heated 
to  600°  F.  zfc  in  hot  oil  for  a  period  of  four  hours. 
Marks,  N2,  A'. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pmrndt. 
1,000 
6,000 
10.000 
15,000 
20,000 
26,000 
80.000 
84,000 
85,000 
86,000 
37,000 
88,000 
39,000 
40,000 
41,000 
42,000 
44,000 
46,000 
48,000 
60,000 
62.000 
54,000 
66,000 
68,000 
60,000 
62,000 
64,000 
66,000 
66,400 
0 

Inch. 
0. 
.0006 

.0012 

.0018 

.0028 

.0029 

.0086 

.0040 

.0046 

.0062 

.0061 

.0070 

.0088 

.0129 

.0155 

.0226 

.0880 

.0445 

.0676 

.0710 

.0890 

.1040 

.1280 

.16 

.19 

.23 

.80 

.48 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=  21.7  per  cent. 

.0008 

.0081 

.0660 

.65 

Elongation  of  inch  sections,  ".17,  ".32*,  ".16. 
Diameter  at  fracture,  ".45;  area,  .1590  square  inch. 
Contraction  of  area,  36.4  per  cent. 
Appearance  of  fracture,  dull  silky,  oblique. 


J 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  N2-B',  NO.  7643,  CROSS  SECTION. 

16-INCH  BY  18-INCH  NICKEL  STEEL  INGOT.      MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  BLUE  AND  COOLED  IN  DRY  SAND. 


MEUOTYPE   CO.,    BOSTON. 


CABBON    AND    NICKEL   STEEL    INGOTS. 

No.  7643. 
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Heated  to  a  blue,  cooled  in  dry  sand. 

Marks,  N2,  B'. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
16,000 
20,000 
26,000 
80,000 
31,000 
82,000 
88,000 
84,000 
86,000 
86.000 
37,000 
88,000 
89,000 
40.000 
42,000 
44,000 
46,000 
48,000 
60,000 
62,000 
64,000 
56,000 
68,000 
60,000 
62,000 
64,000 
66,000 
0 

Inch. 

0. 
.0008 
.0010 
.0015 
.0020 
.0024 
.0081 
.0032 
.0088 
.0086 
.0089 
.0041 
.0051 
.0060 
.0070 
.0065 
.0148 
.0240 
.0880 
.0468 
.0680 
.0720 
.0900 
.1075 
.1280 
.16 
.20 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 
ElasUc  limit. 

.0003 

.0100 

.0661 

■ 

.25 
.81 

Tensile  strength. 

.64 

=>  21.3  per  cent. 

Elongation  of  inch  sections,  ".16,  ".33*,  ".16. 
Diameter  at  fracture,  ".46;  area,  .1590  square  inch. 
Contraction  of  area,  36.4  per  cent. 
Appearance  of  fracture,  dull  amorphous,  vai'ying  in  color. 
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CABBON    AND    NICKEL    STEEL   INGOTS. 

No.  7644. 


Heated  red  and  cooled  in  dry  sand. 

Marks,  N  2,  C. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3'\ 


Applied 

loads  per 

square 

inch. 

In  gauged  kmgth. 

1 
1 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
16,000 
20,000 
!        26,000 
30.000 
36,000 
36,000 
37,000 
88,000 
39,000 
40,000 
42,000 

Inch. 

0. 

.0006 
.0011 
.0017 
.0022 
.0028 
.0033 
.0041 
.0W7 
.0051 
.0060 
.0069 
.0109 
OlftO 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.0002 

InitUl  load. 

Elastic  limit. 

Rested  under  initial  load  i  hour. 

Tensile  strength. 
=10  per  cent. 

.0061 

44,000              .0316 

1        46,000              .0430 

I        48,000              .0660 

50,000              .0721 
62,000              .0853 
64,000              .1023 
66,000              .1240 
58, 000             .16 

.0660 

60, 000              .19 

62, 000              -  2.S 

1        63,200 
0 

.30 

Elongation  of  inch  sections,  ".08,  ".10,  ".12*. 
Diameter  at  fracture,  ".51;  area,  .2043  square  inch. 
Contraction  of  area,  18.3  per  cent. 

Appearance  of  fracture,  granular  70  per  cent,  smooth  dull  leaden 
colored  30  per  cent. 


CARBON   AND   NICKEL   STEEL   INGOTS. 

No.  7645. 

Heated  to  a  cherry  and  cooled  in  dry  sand. 

Marks,  N2,  D'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loaasper 

square 

Inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pound*. 
1,000 
6,000 
10.000 
15,000 
20,000 
25,000 
30,000 
31,000 
82,000 
83.000 
34,000 
35,000 
86,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 

Inch, 

0. 

.0008 
.0010 
.0016 
.0021 
.0028 
.0087 
.0089 
.0040 
.0042 
.0046 
.0050 
.0057 
.0060 
.0069 
.0075 
.0089 
.0100 
.0120 
.0142 
.0200 
.0258 
QSOO 

Inch, 
0. 
0. 
*     0. 
0. 
0. 
0. 
.0001 

Initial  load. 
Elastic  limit 

Tensile  strength. 
=10.8  per  cent. 

.0010 

.6641 

.0201 

48,000    1          .0440 

60,000    >         .0590 
62,000    1          .0670 
54,000              .0870 
56,000              .1000 
58,000              .12 
60,000              .16 
62,000    '          .1ft 

.0526 

64,000 

0 

.'si*" 

Elongation  of  inch  sections,  ".07,  ".07,  ".17*. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 

Defective  specimen.     Appearance  of    fracture,  dull  amorphous, 
oblique.     Flattened  cavity  ".08  by  ".20  with  dark  blue  walls. 
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GABBON    AND    NICKEL    STEEL    INGOTS. 

No.  7646. 


Heated  low  yellow,  cooled  in  dry  sand. 

Marks,  N2,  E'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loadaper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
26,000 
80,000 
36,000 
40,000 
45,000 
60,000 
64,000 
66,000 
49,000 
60,000 
61,000 
82,000 
58.000 
64,000 
55,000 
66,000 
58,000 
60,000 
64,000 
68,000 
72,000 
78,280 
0 

Inch. 

0. 

.0003 
.0010 
.0016 
.0021 
.0028 
.0085 
.0040 
.0046 
.0050 
.0067 
.0062 
.0066 
.0118 
.0160 
.0440 
.0686 
.0730 
.0600 
.0865 
.0915 
.1070 
.1285 
.18 
.25 
.44 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1 
Initial  load. 

Elastic  limit 

Load  fell  on  second  application,  after  observing  set 

Tensile  strength. 
=  27  per  cent. 

.0008 

.1168 

.81 

>♦  '/ 


Elongation  of  inch  sections,  ".19,  ".42* 
Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 
Contraction  of  area,  49.7  per  cent. 
Appearance  of  fracture,  silky,  oblique. 


^ 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN   N2-F,  NO.  7647,  CROSS  SECTION. 

16-INCH  BY  18-INCH  NICKEL  STEEL  INGOT.      MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  BRIGHT  YELLOW  AND  COOLED  IN   DRY  SAND. 


MELIOTYPE   CO.,    BOSTON. 


CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  7647. 

Heated  bright  yellow,  cooled  in  dry  sand. 

Marks,  N2,  P. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

BQuare 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

founds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
85,000 
40,000 
42,000 
48,000 
44,000 
45,000 
46,000 
48,000 
44,000 
45,000 
46,000 
47.000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
71,600 
0 

Jndi. 

0. 

.0008 
.0010 
.0015 
.0020 
.0024 
.0080 
.0035 
.0040 
.0042 
.0044 
.0047 
.0060 
.0060 
.0110 
.0192 
.0293 
.0380 
.0370 
.0450 
.0480 
.0582 
.0625 
.0777 
.0900 
.1072 
.1245 
.14 
.18 
.22 
.27 
.85 

Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

InitUlload. 

ElasUc  limit. 
Load  fell. 

Tensile  strength. 
=25.3  per  cent. 

.6661 

.0240 



.0470 

.1168 

.76 

Elongatioaof  inch  sections,  ".19,*  ".39*,  ".18. 
Diameter  at  fracture,  ".44;  area,  .1521  square  inch. 
Contraction  of  area,  39.2  per  cent. 

Appearance  of  fracture,  oblique,  shearing  fracture;  smooth,  lustrous 
surface,  with  narrow  band  of  lighter-colored  metal. 
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CABBON   AND   NICKEL   STEEL   INGOTS. 

No.  7648. 


Heated  white  hot,  and  cooled  in  dry  sand. 

Marks,  N2,  G'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 


Applied 

loads  per 

squ&re 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
5,000 
10,000 
15,000 
20,000 
26,000 
80,000 
85,000 
39,000 
40,000 
41.000 
42,000 
43.000 
44,000 
46,000 
46,000 
48,000 
60,000 
52,000 
54.000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
67,600 
0 

Inch. 

0. 
.0008 
.0010 
.0016 
.0021 
.0026 
.0081 
.0087 
.0043 
.0060 
.0060 
.0080 
.0100 
.0181 
.0170 
.0205 
.0318 
.0427 
.0580 
.0660 
.0808 
.0940 
.1185 
.14 
.18 
.22 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 
ElasUc  limit. 

Tensile  strength. 
=11  per  cent. 

0. 
0. 
0. 

.0008 

.0120 

.0367 

.1060 

.83 

Elongation  of  inch  sections,  ".18*,  ".07,  ".08. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Defective  specimen. 

Appearance  of  fracture,  oblique,  shearing  fracture;  smooth,  lustrous 
surface;  seam  of  dark-colored  metal  at  circumference  ".25  by  ".05. 


OABBON   AKD   NICKEL   STEKL  IITOOTS. 

No.  7649. 

Raised  to  scintillating  heat,  cooled  in  dry  sand. 

Marks,  N2,  H'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  8". 
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AppUed 

loacLBper 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 

Set 

Ptmndt, 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
85,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
60,000 
62,000 
54,000 
56,000 
58,000 
60,000 
64,000 
0 

Inch, 

0. 

.0008 
.0010 
.0015 
.0020 
.0026 
.0062 
.0040 
.0049 
.0065 
.0060 
.0070 
.0078 
.0092 
.0105 
.0182 
.0158 
.0185 
.0266 
.0340 
.0480 
.0617 
.0780 
.0915 

Inch, 
0. 
0. 
0. 

Initial  load. 
Elastic  limit 

Three  seams  in  stem  opened. 

Tensile  strength. 
=7  per  cent 

0. 

0. 
.0001 

.0010 

.0052 

.0206 

.0840 

.21 

Elongation  of  inch  sections,  ".04,  ".02,  ".15*. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 

Defective  specimen.     Appearance  of  fracture,  silky,  oblique;  parted 
at  the  principal  seam  in  the  stem;  surface  of  seam  smooth  and  bright. 
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OARBON   AND   NICKEL   STEEL   INGOTS. 

No.  7660. 


Heated  white  hot  and  quenched  in  oil. 

Marks,  N2,  T. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 
loads  per 

In  gauged  length. 

square 
Inch. 

Elonga- 
tion. 

Set. 

Pounds. 

Inch. 

Inch. 

1,000 

0. 

0. 

5,000 

.0008 

0. 

10,000 

.0010 

0. 

15,000 
20,000 

.0015 

.0020 

0. 

25,000 
SO,  000 

.0026 

.0081 

0. 

85,000 

.0038 

0. 

40,000 

.0047 

.0001 

45,000 

.0052 

50,000 

.0060 

.0006 

55,000 

.0067 

.0008 

60,000 

.0073 

.0010 

65,000 

.0081 

.0012 

70,000 

.0090 

.0015 

75,000 

.0100 

.0019 

80,000 

.0110 

.0022 

85,000 

.0120 

.0027 

90,000 

.0130 

.0081 

95,000 

.0141 

.0038 

100,000 

.0157 

.0048 

105,000 

.0170 

.0065 

110,000 

.0190 

.0068 

119,800 
0 

.03 

Remarks. 


Initial  load. 


Tensile  strength. 
=1  per  cent. 


Elongation  of  inch  sections,  ".02*,  ".01,  ".00. 
Diameter  at  fracture,  ".56;  area,  .2463  square  inch. 
Contraction  of  area,  1.5  per  cent. 

Defective  specimen.     Appearance  of  fracture,  fine  granular;  two 
small,  bright,  smooth  spots. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  N2H',  NO.  7650,  CROSS  SECTION. 

16-INCH  BY  18-INCH  NICKEL  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  WHITE  HOT  AND  QUENCHED  IN  OIL. 


MiLiorypB  oo.,  aotTON. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  N2-j',  NO.  7651,  CROSS  SECTION. 

16-INCH  BY  18-INCH  NICKEL  STEEL  INGOT.      MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  WHITE  HOT  AND  QUENCHED  IN   BRINE. 


ELIOTVPE    CO.,    BOSTON. 


CARBON   AND    NICKEL   STEEL   INGOTS. 

No.  7661. 

lloated  white  hot  and  quenched  in  brine. 

Marks,  N2,  J'. 

Diameter,  ".606. 

Sectional  area,  .20  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

F&unds. 

1,000 

6,000 

10,000 

16,000 

20,000 

26,000 

80,000 

86,000 

.      40.000 

46,000 

60,000 

66,000 

60,000 

66,000 

70,000 

76,000 

80,000 

86,000 

90,000 

96.000 

100.000 

106,000 

110.000 

120.000 

180,000 

140,000 

160,000 

160,000 

170.000 

180,000 

189.000 

0 

.    Inch. 
0. 
.0008 

.0009 

.0014 

.0020 

.0026 

.0031 

.0087 

.0042 

.0048 

.0068 

.0060 

.0066 

.0072 

.0080 

.0088 

.0096 

.0102 

.0110 

.0119 

.0128 

.0186 

.0146 

.02 

.02+ 

.08- 

.08 

.03+ 

Inch. 
0. 
0. 
0. 

Initial  load. 

Tensile  strength. 
=4. 3  per  cent 

0. 

0. 

0. 

0. 

0. 

.0001 
.0001 
.0002 
.0004 
.0006 
.0006 
.0010 
.0011 
.0018 
.0019 
.0021 
.0023 

.06 



.18 

.03,  ".07*,  ".03. 


Elongation  of  inch  sections. 

Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 

Contraction  of  area,  9.6  per  cent. 

Appearance  of  fracture,  silky,  interspersed  with  fine  gmnulation. 
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OABBON   AND   NICKEL  STEEL   INOOTS. 
No.  7652. 


Heated  white  hot,  quenched  in  oil,  annealed  at  a  straw  color. 

Marks,  N2,  K'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 
loads  per 
.   square 
Inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 

1,000 

5,000 

10,000 

20,000 

80,000 

85,000 

40,000 

45.000 

60.000 

65.000 

60,000 

65,000 

70,000 

75,000 

80.000 

85,000 

90.000 

95,000 

100,000 

105.000 

110,000 

120.000 

130  000 

Inch. 

0. 

.0004 
.0010 
.0020 
.0081 
.0036 
.0041 
.0047 
.0052 
.0060 
.0067 
.0071 
.0079 
.0085 
.0091 
.0100 
.0106 
.0118 
.0120 
.0190 
.0140 
.02+ 
na- 

Inch. 
0. 
0. 
0. 
0. 
0. 

Initial  load. 

0. 

0. 

0. 

.0002 

1 

I 

.0009 

. 

.0012 

.0020 

140,000              .03 
150, 000    '           04 

Tensile  strength. 
=1.8  per  cent. 

153,600 

0 

.04 

Elongation  of  inch  sections,  ".01,  ".01,  ".02*. 
Diameter  at  fracture,  ".56;  area,  .2376  square  inch. 
Contraction  of  area,  6  per  cent 

Appearance  of  fracture,  silky,  interspersed  with  fine  granulation; 
small,  smooth,  lustrous  spot,  ".10  by  ".05. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  N2-K',  NO.  7662,  CROSS  SECTION. 

16-INCH  BY  18-INCH   NICKEL  S^EEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL   HEATED  WHITE  HOT,  QUENCHED   IN  OIL,  AND  ANNEALED  AT  STRAW  COLOR. 


MELiOTvPE    CO..    BOSTON. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  N2-L',  NO.  7653,  CROSS  SECTION. 

16-INCH  BY  18-INCH  NICKEL  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  WHITE  HOT,  QUENCHED  IN  OIL. 

AND  ANNEALED  AT  BLUE  HEAT. 


MEUOTYPE   CO.,   BOSTON. 


OABBON    AND   NICKEL    8TKEL   INGOTS. 

No.  7653. 

Heated  white  hot,  quenched  in  oil,  annealed  at  blue  heat. 

Marks,  N2,  L'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

20,000 

30,000 

36,000 

40,000 

45,000 

50,000 

.55,000 

60,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95,000 

100,000 

105.000 

110.000 

120,000 

126,100 

0 

Inch. 

0. 

.0006 
.0010 
.0021 
.0032 
.0039 
.0046 
.0051 
.0057 
.0061 
.0068 
.0074 
.0081 
.0088 
.0094 
.0101 
.0110 
.0118 
.01'28 

.oia^) 
.014:^ 

.02 

Inch. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

0. 

0. 

0. 

.0001 

.0005 

.0009 

.0012 

.0020 

Tensile  strength. 

.03 

=  1  per  cent. 

Elongation  of  inch  sections,  ".01,  ".02*,  ".00. 

Diameter  at  fracture,  ".55;  area,  .2376  square  inch. 

Contraction  of  area,  5  per  cent. 

Appearance  of  fracture,  silky  and  fine  granulation  intei*spersed. 

H.  Doc.  521,  58-2 17 
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OABBON   AND   NICKEL   STEEL   INGOTS, 

No.  7664. 


Heated  while  hot,  quenched  in  oil,  annealed  at  bright  cherry. 

Marks,  N2,  M'. 

Diameter,  ".664. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


ApDlied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

PouiuU. 
1,000 
5,000 
10.000 
20.000 
30.000 
85,000 

0. 
.0004 
.0010 
.0021 
.0031 
.0087 
.0042 
.0047 
.0052 
.0053 
.0079 

Inch. 
0. 

0. 
0. 
0. 
0. 

Initial  load. 

KlasUcltmit. 

CrackR  in  the  stem  open. 

Tensile  strength. 
=  7.3  per  cent 

40,000 
45,000 

0. 

50,000 
51,000 

0. 

52,000 

51,000              .0098 

52,000    r            01S5 

53,000 
M.OOO 
52,000 
53,000 
54,000 
56,000 
60,000 
63,920 
0 

.0149 
.0167 
.0465 
.0608 
.0758 
.0625 
.11 

.22 

Elongation  of  inch  sections,  ".04,  ".06,  ".13*. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 

Defective  specimen.    Appearance  of  fracture,  silky,  oblique,  80  per 
cent;  spot  of  smooth,  lustrous  metal,  20  per  cent. 


GABBON    AND   KIOKEL   STEEL   INGOTS. 

No.  7655. 

Heated  white  hot,  quenched  in  oil,  annealed  at  bright  yellow. 

Marks,  N2,  N'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

square 

inch. 

Remarks. 

Elonga- 
tion. 

Set. 

Founds. 
1,000 
6,000 
10,000 
20,000 
80,000 
35,000 
40,000 
46,000 
46,000 

47,000 

48,000 
49,000 
60,000 
56,000 

Inch. 
0. 

.0004 
.0011 
.0022 
.0032 
.0088 
.0048 
.0060 
.0066 
i        .0070 
\        .0110 
.0890 
.0640 
.0690 
.10 
.14 

Inch. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

Elastic  limit. 

Cracks  in  stem  opened. 

Tensile  strength. 
=  8.3  per  cent. 

0. 

.0625 

60,000 

68,600 

0 

.25 

Elongation  of  inch  sections,  ".05,  ".07,  ".13*. 
Diameter  at  fracture,  ".60;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 

Defective  specimen.    Appearance  of  f  mcture,  silky,  oblique ;  smooth, 
lustrous  spots. 
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CABBON   AND   NICKEL   STEEL   INGOTS. 

No.  7664. 


Heated  white  hot,  quenched  in  oil,  annealed  at  bright  cherry. 

Marks,  N2,  M'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gau^d  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pmt7ids. 
1.000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45.000 
50,000 
61,000 
62,000 
51,000 
52,000 
53,000 
54,000 
52,000 
53,000 
54,000 
56,000 
60,000 

Inck. 

0. 
.0004 
.0010 
.0021 
.0031 
.0037 
.0042 
.0047 
.0052 
.0053 
.0079 
.0098 
.0136 
.0149 
.0167 
.0465 
.0608 
.0758 
.0825 
.11 

Inch. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

Elastic  limit 

CrackR  in  the  stem  open. 

Tensile  strength. 
=  7.8  per  cent. 

0. 

0. 

63,920 

0 

.22 

Elongation  of  inch  sections,  ".04,  ".05,  ".13*. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 

Defective  specimen.    Appearance  of  fracture,  silky,  oblique,  80  per 
cent;  spot  of  smooth,  lustrous  metal,  20  per  cent. 


OABBON   AND  NICKEL   STEEL   INGOTS. 

No.  7656. 

Heated  white  hot,  quenched  in  oil,  annealed  at  bright  yellow. 

Marks,  N2,  N'. 

Diameter,  ".664. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

sqoare 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
46,000 

47,000 

48,000 
49.000 
60,000 
56,000 
60,000 

Inch. 
0. 

.0004 
.0011 
.0022 
.0082 
.0088 
.0048 
.0060 
.0066 
/        .0070 
t        .0110 
.0390 
.0540 
.0690 
.10 
.14 

Inch. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

Elasticllmit 

Cracks  in  stem  opened. 

Tensile  strength. 
"  8.3  per  cent. 

0. 



.0525 

63,600 

0 

.25 

Elongation  of  inch  sections,  ".06,  ".OY,  ".13*. 
Diameter  at  fracture,  ".60;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 

Defective  specimen.    Appearance  of  f  mcture,  silky,  oblique ;  smooth, 
lustrous  spots. 


260 


CARBON    AND   NICKEL   BTEEL   INGOTS. 

No.  7666. 


Heated  white  hot,  quenched  in  oil,  annealed  at  white  heat 

Marks,  N2,  O'. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

RemarkH. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
85,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60.000 
62,000 
64,000 
66,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
71,680 
0 

Inch. 

0. 
.0008 
.0009 
.0020 
.0080 
.0086 
.0041 
.0044 
.0050 
.0091 
.0160 
.0200 
.0280 
.0802 
.0342 
.0380 
.0448 
.0550 
.0655 
.0800 
.0940 
.1138 
.18 
.17 
.21 
.25 
.82 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

IniUal  load. 
Elastic  limit. 

Tensile  strength. 
=  27.7  per  cent. 

.0145 

.0383 

.1058 

.83 

Elongation  of  inch  sections,  ".17, 
Diameter  at  fracture,  ".37;  area,  . 
Contraction  of  area,  57  per  cent. 
Appearance  of  fracture,  fine  silky, 


''.22,  ".44*.  ^ 
1075  square  inch. 
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262  OABBON    AND   NICKEL    STEEL    ING0T8. 

METAL  FROM  16''  BY  18f'  NICKEL  STEEL  INGOT. 

Forged  Specimens — Square  Bars  Drawn  Down  to  Square  Bars 
AT  Different  Te»£perature8. 

Original  dimensions  of  specimens:  1".29  by  1".29  by  7".23  long. 

No.  7819. 

Heated  to  a  low  white  (expansion,  ".123  in  7".23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  39.8  per  cent. 
Cooled  in  the  air. 
Marks,  1. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


1 


Applied 

loaasper 

square 

inch. 

In  gauged  length. 

Remarkn. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30.000 
36,000 
40,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50.000 
51,000 
52,000 
53,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64.000 
68,000 
70,000 
72,000 
74,000 
0 

Inch, 

0. 
.0003 
.0009 
.0019 
.0029 
.0034 
.0040 
.0045 
.0047 
.0355 
.0382 
.0418 
.0490 
.0518 
.0670 
.0685 
.0693 
.0800 
.0900 
.1060 
.1260 
.15 
.20 
.26 
.82 
.60 
.88 

Inch. 

0. 

0. 

Initial  loed. 
Elastic  limit. 

Tensile  strength. 
-29.1  per  cent. 

0. 

0. 

.(M28 

Elongation  of  inch  sections,  ".42*,  ".30,  ".16. 
Diameter  at  fracture,  ".34;  area,  .0908  square  inch. 
Contraction  of  area,  63.7  per  cent. 
Fractured  1".2  from  the  neck. 
Appearance  of  fracture,  fine  silky. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  1,  NO.  7819,  CROSS  SECTION. 

16-INCH  BY  16-INCH  NICKEL  STEEL  INGOT.    MAGNIFICATION  63  DIAMETERS. 

STEEL  HEATED  LOW  WHITE  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  SAME  TEMPERATURE.    COOLED  IN  AIR. 


HIUOTY^f  00..  MtTON. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  2,  NO.  7820,  CROSS  SECTION. 

16-INCH  BY  18HNCH  NICKEL  STEEL  INGOT.      MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  BRIGHT  YELLOW  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  SAME  TEMPERATURE.     COOLED  IN  DRY  SAND. 


MELIOTVPC   CO.,    BOSTON. 


CABBON   AND   NICKEL   STEEL   INGOTS. 

No.  7820. 
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Heated  to  a  bright  yellow  (expansion,  ".104  in  7". 23),  and  drawn 
down  under  the  mtmmer  at  same  temperature.  Reduction,  39.8  per 
cent. 

Cooled  in  dry  sand. 

Marks,  2. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loadBper 

square 

Inch. 

In  ganged  length. 

Elonga- 
tion. 

Set. 

RemarlcH. 

1 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
45,000 
50,000 
51,000 
45,000 
46,000 
47,000 
48,000 
49,000 

Inch, 
0. 
.0004 

.0010 
.0020 
.0081 
.0041 
.0047 
.0062 
.0058 
.0079 
.0068 
.0800 
.0615 
.0665 
.0620 
.0780 
.0885 
.1000 
.1140 
.1860 
.15 
.17 
.20 
.24 
.81 
.48 
1.00 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=-  83.8  per  cent. 

0. 

0. 

60,000 
62,000 

.0660 

54,000 

66,000 
58,000 
60,000 
62,000  . 
64,000 
66,000 
68,000 
70,000 
71.920 
0 

Elongation  of  inch  sections,  ".21,  ".67*,  ".22. 

Diameter  at  fracture,  ".34;  area,  .0908  square  inch. 

Contraction  of  area,  63.7  per  cent. 

Fractured  at  middle  of  stem. 

Appearance  of  fracture,  fine  silky,  cup-shaped. 
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OABBON   AND   NICKEL   STEEL   IKG0T8. 

No.  7821. 


Heated  to  a  bright  yellow  (expansion,  ".100  in  7".23),  and  drawn 
down  under  the  Imnuner  at  same  temperature.  Reduction,  38  per 
cent. 

Quenched  in  oil. 

Marks,  3. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  pel 

square 

inch. 

In  gauged  length. 

Remarlu. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
31,000 
32,000 
83,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
66.000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
84,000 
88,000 
92.000 
96,000 
100.000 
104,000 
108,000 
108,600 
0 

Inch. 

0. 

.0004 
.0010 

Inch. 
0. 
0. 

Initial  load. 

.0020 

.0087 

.0039 

.0040 

.0041 

.0043 

.0047 

.0049 

.0050 

.0051 

.0053 

.0055 

.0059 

.0062 

.0068 

.0071 

.0077 

.0082 

.0088 

.0093 

.0099 

.0107 

.0116 

.0122 

.0181 

.0142 

.0158 

.0170 

.0182 

.0202 

.0223 

.0258 

.OT 

.04 

.05 

.06 

.09 

.12 

.20 

.6665 

.0009 

.0012 

.0022 

.0040 

Tensile  strength. 

.0079 

.0165"" 

.48 

-  16  per  cent. 

Load  on  bar  at  time  of  rupture,  21,000  pounds  =  185,190  pounds 
per  square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".04,  ".15,  ".29*. 

Diameter  at  fracture,  ".38;  area,  .1134  square  inch 

Contraction  of  area,  54.6  per  cent. 

Fractured  1".10  from  the  neck. 

Appearance  of  fracture,  fine  silky,  cup-shaped. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  3,  NO.  7821,  CROSS  SECTION. 

16-INCH  BY  18-INCH  NICKEL  STEEL  INGOT.      MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  BRIGHT  YELLOW  AND   DRAWN  DOWN  UNDER  THE 

HAMMER  AT  SAME  TEMPERATURE.     QUENCHED  IN  OIL. 


MCLIOTVPI    CO..    BOSTON. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE   SPECIMEN  4,  NO.   7822,  CROSS  SECTION. 

16-INCH   BY  18-INCH   NICKEL  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED   BRIGHT  YELLOW  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  SAME  TEMPERATURE.     COOLED  IN  AIR. 


MELIOTVPE    CO.,    BOSTON. 


CARBON   AND  NICKEL   STEEL   INGOTS. 

No.  7822. 
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Heated  to  a  bright  yellow  (expansion,  ".096 
down  under  the  hammer  at  same  temperature, 
cent. 

Cooled  in  the  air. 

Marks,  4. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


in  7".  23),  and  drawn 
Reduction,  34.9  per 


Applied 

loads  per 

square 

inch. 

I^und^. 
1,000 
5,000 
10,000 
20,000 
80,000 
40.000 
60,000 
58,000 
46,000 
47,000 
48,000 
49,000 
60,000 
52,000 
M,C00 
56,000 
58,000 
00,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
78,680 
0 

In  ganged  length. 

Elonga- 
tion. 

Set. 

KemarkH. 

Inch. 

0. 
.0003 
.0009 
.0020 
.0030 
.0040 
.0050 
.0053 
.0110 
.0150 
.0800 
.0470 
.0550 
.0620 
.0785 
.0860 
.1000 
.1195 
.13 
.16 
.18 
.22 
.27 
.34 

Inch. 

0. 

0. 

Initial  load. 

6. 
0. 

£la.stic  limit.    Txwd  fell. 

.0188 

.1112 

Tensile  strength. 

.84 

—•28  per  cent. 

Load  on  bar  at  time  of  rupture,  13,400  pounds =147,580  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".15,  ".50,  ".19. 
Diameter  at  fracture,  ".84;  area,  .0908  square  inch. 
Contraction  of  area,  63.7  per  cent. 
Fractured  1".74  from  the  neck. 
Appearance  of  fracture,  silky,  cup-shaped. 
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OABBON    AND    NICKEL   STEEL    INGOTS. 


No.  7823. 

Heated  to  a  low  yellow  (expansion,  ".081  in  7".  23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  34.9  per  cent. 
Cooled  in  dry  sand. 
Marks,  5. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loadfl  per 

Hquare 

inch. 


Pound*. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
50,000 
M,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
58,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68.000 
70,000 
72,000 
74,000 
74,400 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0005 
.0010 
.0020 
.0030 
.0040 
.0051 
.0054 
.0102 
.0108 
.0120 
.0528 
.0549 
.0580 
.0620 
.0680 
.0795 
.0930 
.1100 
.12 
.14 
.17 
.19 
.23 
.28 
.38 
.53 


Inch. 

0. 

0. 


0. 
0. 


Remarks. 


.1017 


Initial  load. 


Elastic  limit.    Load  fell. 


Tensile  strength. 
=29.7  per  cent. 


Load  on  bar  at  time  of  rupture,  13,500  pound8=148,680  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".17,  ".51*,  ".31. 
Diameter  at  fracture,  ".34;  area,  .0908  square  inch. 
Contraction  of  area,  63.7  per  cent. 
Fractured  1".7  from  the  neck. 
Appearance  of  fracture,  silky,  cup-shaped. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  5,  NO.  7823,  CROSS  SECTION. 

16HNCH  BY  18HNCH  NICKEL  STEEL  INGOT.     MAGNIFICATION  63  DIAMETERS. 
^  STEEL  HEATED  LOW  YELLOW  AND  DRAWN  DOWN  UNDER  THE  HAMMER   * 

AT  SAME  TEMPERATURE.    COOLED  IN  DRY  SAND. 


MCLtOTYW    OO..    lOSTOM. 


5 
O 


CARBON   AND   NICKEL   STEEL   INGOTS. 
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No.  7824. 

Heated  to  a  low  yellow  (expansion,  ".083  in,7".23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  33.1  per  cent. 
Quenched  in  oil. 
Marks,  6. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


Poundt. 
1,000 
6,000 
10,000 
20,000 
80,000 
81,000 
82,000 
38,000 
84,000 
85,000 
86.000 
87,000 
38,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
48,000 
60,000 
62,000 
64,000 
66,000 
68,000 
60,000 
62,000 
64,000 
66.000 
68,000 
70.000 
72.000 
74,000 
76,000 
78,000 
80,000 
81,000 
88,000 
92,000 
96,000 
100,000 
104.000 
104,400 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

.0008 
.0010 
.0020 
.0031 
..0034 
.0038 
.0040 
.0041 
.0042 
.0044 
.0047 
.0049 
.0050 
.00ri2 
.005-1 

.oa-ST 

.006«) 

.OOtU 

.0067 

.0071 

.0078 

.0082 

.0089 

.0097 

.0102 

.0113 

.0122 

.0133 

.0149 

.0(167 

.0190 

.0205 

.0238 

.0272 

.0310 

.0870 

.M 

.05 

.07 

.10 

.13 

.21 

.33 

.57 


Inch. 

0. 

0. 


.0001 


.0006 


.0024 


.0111 


.0274 


Remarks. 


Initial  load. 


.  I  Tensile  strength. 
.  ^19  per  cent. 


.35*,  " 


Load  on  bar  at  time  of  rupture,  19,(>00  pounds  - 
per  square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".10, 
Diameter  at  fracture,  ".37;  area. 
Contraction  of  area,  57  per  cent. 
Fractured  1".5  from  the  neck. 
Appearance  of   fracture,   fine    silk}-,   cup-sliaped 


182,330  pounds 


12. 
1075  S([uare  inc^h. 


appeared  on  cylindrical  surface  during  latter  ponod  of  test. 


Oblique   lines 
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OAEBOK   AND   NICKEL   STEEL   INGOTS. 
No.  7825. 


Heated  to  a  low  yellow  (expansion,  ".078 
down  under  the  hammer  at  same  temperature, 
cent. 

Cooled  in  air. 

Marks,  7. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


m 


7". 23),  and  drawn 
Reduction,  36.5  per 


Applied 

loads  per 

square 

inch. 

POUTld*. 

1,000 
5,000 
10.000 
20,000 
30,000 
40,000 
50,000 
53,000 
54,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
58,000 
60,000 
62,000 
64.000 
66,000 
68,000 
70,000 
72,000 
73,000 
0 

In  gauged  length. 

1 

RemarkH. 

Elonga- 
tion. 

Set. 

Itich. 

0. 

0. 

Inch. 

0. 
.0008 
.0009 
.0020 
.0030 
.0040 
.0050 
.0055 
.0057 
.0080 
.0098 
.0675 
.0712 
.0770 
.0810 
.0880 
.1010 
.1175 
.13 
.15 
.17 
.20 
.25 
.81 
.46 
.94 

Initial  load. 

0. 
0. 

Elastic  limit.    Load  fell 

Tensile  strength. 
=31.3  per  cent. 

.1092 

Load  on  bar  at  time  of   rupture,  15,500  pounds =130,680  pounds 
per  square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".22,  ".50*,  ".22. 
Diameter  at  fracture,  ".38;  area,  .1134  square  inch. 
Contraction  of  area,  54.6  per  cent. 
Fractured  1".83  from  the  neck. 
Appearance  of  fracture,  silky,  irregular. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  7,  NO.  7825,  CROSS  SECTION. 

16-INCH  BY  18-INCH  NICKEL  STEEL  INGOT.    MAGNIFICATION  63  DIAMETERS. 

STEEL  HEATED  LOW  YELLOW  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  SAME  TEMPERATURE.     COOLED  IN  AIR. 


HEUOTVPE   CO..   ■09T0N. 


PHC 'OMICROG^APH   OF  STEM   OF    TENSILE   S^ECMEN  tt,   NO.    7826,  CROSS   SECTION. 

1^-INCH   BY   18HNCH   NICKEL  STEEL  INGOT.     MAGNIFICATION   53  DIAMETERS. 

STEEL  HEATED   ChERRV   AND   DRAWN   DOWN   UNDER   THE   HAMMER 

AT   SAMi    lEVPERATURE.     COOKED   IN   DRY   SAND. 


HEL'OTYPE    CO.,    BOSTON. 


OAKBON   AND   NICKEL   STEEL   INGOTS. 
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No.  7826. 

Heated  to  a  cherry   (expansion,  ."0()1 
under  the  hammer  at  same  temperature. 
Cooled  in  dry  sand. 
Marks,  8. 
Diameter  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


in  7". 23),  and  drawn  down 
Reduction,  30.7  per  cent. 


Applied 

loaOB  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

0. 

Remarks. 

Pounds. 
1.000 
5,000 
10,000 
20,000 
80,000 
40,000 
60,000 
54.000 
55,000 
60.000 

Inch. 
0. 
.0004 
.0010 
.0021 
.0031 
.0043 
.0051 
.0057 
.0060 
.0072 
r        nrwn 

Initial  load. 

6. 
0. 

Elastic  limit. 

Load  fell. 

5i'«»  \     :ffi^ 

62,000 
53.000 
54,000 
56,000 
58.000 
60.000 
62,000 
64,000 
66,000 
68,000 
70,000 
72.000 
73,200 
0 

.0772 

.0798 

.0860 

.0990 

.1160 

.1800 

.14 

.17 

.20 

.24 

:^ 

.64 
.70 

.1219 

Tensile  strength. 

=23. 3  per  cent. 

Elongation  of  inch  sections,  'M7,  ".23*,  ."30. 
Diameter  at  fracture,  ".45;  area,  .1590  square  inch. 
Contraction  of  area,  36.4  percent. 
Fractured  ".85  from  the  neck. 

Appearance  of  fracture,  silky,  oblique.     Progressive  fracture  from 
a  pomt  in  the  circumference. 
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OABBON    AND   NICKEL    STEEL   INGOTS. 

No.  7827. 


Heated  to  a  cherry  (expansion,  ".062  in  7". 23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  40.4  per  cent. 
Quenched  in  oil. 
Marks,  9. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 


In  ganged  length. 


Pouiuls. 
1,000 
5,000 
10,000 
20,000 
30,000 
40.000 
42,000 
44.000 
46,000 
48,000 
50,000 
52,000 
54,000 
56.000 
58,000 
60.000 
62,000 
64,000 
66.000 
68,000 
70.000 
72,000 
74,000 
76,000 
78,000 
80,000 
84.000 
88,000 
92,000 
96,000 
100,000 
100.480 
0 


Elonga- 
tion. 


Inch. 

0. 

.0003 
.0009 
.0020 
.0031 
.0049 
.0062 
.0057 
.0060 
.0068 
.0072 
.0080 
.0087 
.0095 
.0105 
.0117 
.0132 
.0155 
.0185 
.0212 
.0260 
.0286 
.0380 
.0397 
.0450 
.0)20 
.06 
.08 
.10 
.15 
.24 


.58 


Set. 


Inch. 

0. 

0. 


0. 
.0007 


.0020 


.(xm 


.0421 


KemarkH. 


IniUal  load. 


Tensile  strength. 
^17.7  per  cent. 


Load  on  bar  at  time  of  rupture,  19,200  pounds =169,310  pounds 
per  square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".06,  ".37*,  ".10. 

Diameter  at  fracture,  ".38;  area,  .1134  square  inch. 

Contraction  of  area,  54.6  per  cent. 

Fractured  1".58  from  the  neck. 

Appearance  of  fracture,  fine  silky,  cup-shaped. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  9,  NO.  7827,  CROSS  SECTION. 

16-INCH  BY  18-INCH  NICKEL  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  CHERRY  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  SAME  TEMPERATURE.     QUENCHED  IN  OIL. 


MFUOTvPt    CO..    BOSTON. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  10,  NO.  7828,  CROSS  SECTION. 

16-INCH  BY  18-INCH  NICKEL  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  CHERRY  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  SAME  TEMPERATURE.     COOLED  IN  AIR. 


HELIOTYPE    CO.,    BOSTON. 


OABBON   AND   NICKEL   STEEL   INGOTS. 
No.  7828. 


271 


Heated  to  a  cherry  (expansion,  ".061  in  7". 23),  and  drawn  down  under 
the  hammer  at  same  temperature.     Reduction,  31.9  per  cent. 
Cooled  in  the  air. 
Marks,  10. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


AppUed 

loads  per 

aquore 

Tnch. 

In  gauged  leng^th. 

Remarka. 

Elonga- 
tion. 

Set. 

Inch, 

0. 

0. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
50,000 
58,000 
68,000 
54,000 
55,000 
56.000 
57,000 
58,000 
69,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
75,200 
0 

Inch, 

0. 

.0004 
.0010 
.0021 
.0081 
.0042 
.0052 
.0060 
.0100 
.0658 
.0610 
.0908 
.0955 
.0995 
.1060 
.1190 
.12 
.15 
.17 
.20 
.25 
.80 
.40 

Initial  load. 

Elastic  limit.    Load  fell 

Tensile  strength. 
=29. 7  per  cent. 

0. 
0. 

.1115 

.89 

Load  on  bar  at  time  of  ruptuT-e,  13,700  poundH=150,880  |)ound8 
per  square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".15,  ".41*,  ".33*. 
Diameter  at  fracture,  ".34;  area,  .0908  scjuare  inch. 
Contraction  of  area,  63.7  per  cent. 
Fractured  1".32  from  the  neck. 
Appearance  of  fracture,  silky,  cup-shaped. 
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OABBON   AND   NICKEL   STEEL   INGOTS. 


No.  7829. 

Heated  to  a  blood  red  (expansion, 
under  the  hammer  at  same  temperature. 
Cooled  in  dry  sand. 
Marks,  11. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


in  7". 23)  and  drawn  down 
Reduction,  37.3  per  cent. 


Applied 

loads  per 

.square 

inch. 

III  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

1,000 
6,000 
10,000 
20  000 

Inch. 

0. 
.0002 
.0009 
.0019 
.0029 
.0039 
.0050 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit;  approximate. 

Tensile  strength. 
—20  per  cent. 

30,000 
40.000 
50,000 
53  000 

6. 
0. 

55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
64  000 

.0058 

.0067 

.0073 

.0205 

.0380 

.0630 

.O&tl 

.0675 

.0860 

.1040 

.1220 

.1500 

.17 

.22 

.30 

.40 

.60 

.0005 

.0552 

66,000 

68  000 

70.000 
72,000 
74,000 

.1408 

76,000 

76,800 

0 

Load  on  bar  at  time  of  rupture,  15,200  pounds=  134,040  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".09,  ".14,  ".37*. 
Diameter  at  fracture,  ".38;  area,  .1134  square  inch. 
Contraction  of  area,  54.6  per  cent. 
Fractured  ".95  from  the  neck. 
Appearance  of  fracture,  silky. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  11,  NO.  7829,  CROSS  SECTION. 

16HNCH  BY  18-INCH  NICKEL  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  BLOOD  RED  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  SAME  TEMPERATURE.    COOLED  IN  DRY  SAND. 


HELK>TYH  CO..  ■orroM. 


CARBON    AND   NICKEL    STEEL    INOOTft. 

No.  7830. 
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Heated  to  a  blood  red  (expansion,  ".043  in  7". 23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  34.3  per  cent. 
Quenched  in  oil. 
Marks,  12. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


In  KHUf^ed  length. 


Elonga- 
tion. 


Set. 


I'oundt. 
1,000 
5,000 
10,000 
20,000 
30,000 
36,000 
40,000 
45,000 
50,000 
51,000 
52,000 
63,000 
5-l,000 
55,000 
56.000 
57,000 
58,000 
59,000 
GO,  000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70.000 
71,000 
?2,000 
73,000 
74,000 
76,000 
76,000 
7S,000 
80.000 
84,000 
88,000 
92,000 
92,800 
0 


Inch. 

0. 

.0004 
.0010 
.0020 
.0030 
.0035 
.0040 
.0046 
.0062 
.0064 
.0056 

.oa'ss 
.oa59 

.0060 

.0062 

.0064 

.0067 

.0069 

.0071 

.0074 

.0078 

.0081 

.0085 

.0090 

.0108 

.0438 

.0490 

.0512 

.ft590 

.0600 

.0620 

.0frl8 

.0730 

.0790 

.0815 

.0980 

.1110 

.14 

.19 

.81 

.44 

.61 


iTWh. 

0. 
0. 


0. 
0. 
.0001 


.0009 


.0022 


Remarks. 


Initial  load. 


.1000 


Tensile  strength. 
-20.3  per  cent. 


Elongation  of  inch  sections,  ".32*,  ".19,  ".10. 
Diameter  at  fmcture,  ".42;  area,  .1385  square  inch. 
Contraction  of  area,  44.6  ])or  cent. 
Fractured  1".15  from  the  neck. 

Appearance  of  fracture,  dull  silky,  oblique.     Three  lines  of  lighter- 
colored  metal  across  the  f mctured  surface. 


H.  Doc.  521,  58-2- 


-18 
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GABBON    AND    NICKEL   STEEL    INGOTS. 

No.  7831. 


Heated  to  a  blood  red  (expansion,  ".045  in  7". 23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  36.1  per  cent. 
Cooled  in  the  air. 
Marks,  13. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads,  per 

square 

inch. 

In  grauged  length. 

Remarks. 

Elonga-            o^. 
tion.              ^^• 

Pounds. 
1,000 
5,000 
10.000 
20,000 
30,000 
85,000 
40.000 
45.000 
50.000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
0 

Inch. 

0. 
.0003 
.0009 
.0020 
.0080 
.0086 
.0010 
.0046 

Inch. 

0. 

0. 

IniUal  load. 

Elastic  limit. 
Load  fell. 

Tensile  strength. 
=--24.7  percent. 

6. 

.0061 
.0057 
.0059 

.0001 
.0001 

.0060 
.0061 
,0064 
.0069 
.0074 
.     .0107 
.0116 
.0160 
.0372 
.0642 
.0760 

.0007 

.0569 

.0930 

.0988 

.1090 

.  1155 

.12 

.15 

.18 

.21 

.25 

.32 

.71 

.1068 

Load  on  bar  at  time  of  rupture,  14,200  pounds =118,930  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  section,  ".U,  "27,  "33*. 
Diameter  at  fracture,  ".39;  area,  .1194  square  inch. 
Contraction  of  area,  52.2  per  cent. 
Fractured  1".25  from  the  neck. 
Appearance  of  fracture,  silky. 


GABBON    AND    NICKEL   STEEL   INGOTS. 


No.  7832. 
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Heated  to  a  blue  black  (expansion,  ".037  in  7". 23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  32.5  per  cent. 
Cooled  in  dry  sand. 
Marks,  14. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

8quare 
inch. 

In  gauged  length. 

Remarkq. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
79,000 
80,000 
81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88.000 
89;  000 
90,000 
91,000 
92,000 
93,000 
»1,000 
95,000 
96,000 
97,000 
98,000 
99,000 
100,000 
100,400 
0 

Inch. 

0. 

.0001 
.0010 
.0020 
.0030 
.0035 
.0040 
.0046 
.0051 
.0057 
.0061 
.OttW 
.0071 
.0077 
.0082 
.OOM 
.0086 
.0088 
.0090 
.0092 
.0094 
.0096 
.0099 
.0107 
.0110 
.0116 
.0121 
.0137 
.0150 
.0175 
.0215 
.0285 
.0276 
.0860 
.0430 
.0600 

Inch. 

0. 

0. 

Initial  load. 

Tensile  Htrength. 
=  6  per  cent. 

0. 

0. 
0. 
0. 

0. 

0. 

.0002 

.6667 

.0021 

.0112 

.0488 

.18 

Load  on  bar  at  time  of  rupture,  20,600  pounds= 129,560  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".00,  ".18*,  ".00. 

Diameter  at  fracture,  ".45;  area,  .1690  square  inch. 

Contraction  of  area,  36.4  per  cent. 

Fractured  at  middle  of  stem. 

Appearance  of  fracture,  dull  silky,  irregular  surface,  trace  of  gran- 
ulation. 
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CARBON   AND   NICKEL   STEEL   INGOTS. 

No.  7833. 


Heated  to  a  blue  black  (expansion,  ".038  in  7".23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  34.9  per  cent. 
Quenched  in  oil. 
Marks,  15. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


AppUed 

loaoB  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Pounds. 
1,000 
5,000 
10.000 
20,000 
30,000 
40,000 
50,000 
60,000 
70,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
94,400 
0 

Inch. 

0. 
.0004 
.0010 
.0020 
.OOSO 
.0040 
.0050 
.0060 
.0070 
.0081 
.0084 
.0089 
.0096 
.0100 
.0115 

Inch. 

0. 

0. 

Initial  load. 

Crack  opens  in  Btem. 
Tensile  strength. 
«0.7  per  cent. 

0. 
0. 
0. 
0. 
0. 

.0020 

.02 

Elongation  of  inch  sections,  ".01*, 
Diameter  at  fracture,  ".56;  area, 
Contraction  of  area,  1.5  per  cent. 
Fractured  ".75  from  the  neck. 
Appearance  of  fracture,  granular,  flaky 


01,  ".00. 
2463  square  inch. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  15,  NO.  7833,  CROSS  SECTION. 

16-INCH  BY  18-INCH  NICKEL  STEEL  INGOT.     MAGNIFICATION  63  DIAMETERS. 

STEEL  HEATED  BLUE  BLACK  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  SAME  TEMPERATURE.     QUENCHED  IN  OIL. 


HELlOTYPf   00.,   SOtTON. 


CARBON   AND   NICKEL   STEEL   INGOTS. 
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No.  7834. 

Heated  to  a  blue  black  (expansion,  ".040  in  7". 23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  31.3  per  cent. 
Cooled  in  the  air. 
Marks,  16. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3", 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10.000 
20,000 
80,000 
40,000 
50,000 
60,000 
70,000 
80,000 
82,000 
»t,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 

101,200 

0 

Inch. 

0. 
.0008 
.0010 
.0020 
.0030 
.0040 

.  .oa-JO 

..0060 
.0070 
.0082 
.0086 
.0090 
.0098 
.0107 
.0121 
.0144 
.0210 
.0870 
.0590 
.0985 
/        .10 
\        .17 
.27 

Inch. 

0. 

0. 

Initial  load. 

iTenBlle  strength. 
=  9  per  cent. 

0. 

0. 

.0001 

.0030 

.0811 

Load  on  bar  at  time  of  rupture,  21,800  pounds  =  125,650  pounds 
per  square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".04,  ".06,  ".17*. 
Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  cent. 
Fracture,  ".95  from  the  neck. 
Appearance  of  fracture,  silky. 
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CARBON    AND    NICKEL    STEEL    INGOTS. 


•  No.  7835. 

Heated  to  a  deep  straw  (expansion,  ".026  in  7".23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  26.5  per  cent. 
Cooled  in  the  air. 
Marks,  17. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  p*?r 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
60,000 
60,000 
70,000 
80,000 
90,000 
92,000 
M.OOO 
96,000 
98,000 
100,000 
102.000 
104,000 
106,000 
•       0 

Inch. 

0. 
.0003 
.0010 
.0020 
.0090 
.0040 
.0050 
.0060 
.0070 
.0080 
.0092 
.0097 
.0101 
.0106 
.0111 
.0120 
.0128 
.0140 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
=0.7  per  cent. 

0. 

0. 

0. 
.0001 

.0017 

.02 

Elongation  of  inch  sections,  ".00,  ".02*,  ".00. 
Diameter  at  fracture,  ".56;  area,  .2463  square  inch. 
Contraction  of  area,  1.5  per  cent. 
Fractured  l".l  from  the  neck. 
Appearance  of  fracture,  granular,  flaky. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  17,  NO.  7835,  CROSS  SECTION. 

16HNCH  BY  18-INCH  NICKEL  STEEL  INGOT.    MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  DEEP  STRAW  AND  DRAWN  DOWN  UNDER  THE  HAMMER 

AT  SAME  TEMPERATURE.    COOLED  IN  AIR. 


MELIOTVN  OO.,  ■OtTOM. 


,  I 


Oi 
Co 
Fr 


CARBON    AND   NICKEL    STEEL    INGOTS. 

No.  7836. 


27» 


Heated  to  a  low  white  (expansion,  ".115  in  7".23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  41.6  per  cent. 
•Quenched  in  oil. 
Marks,  18. 
Diameter,  ".564. 

Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


loaasper 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
82,000 
SI,  000 
36.000 
38,000 
40.000 
42,000 
44,000 
46.000 
48,000 
60,000 
52,000 
54,000 
66,000 
58,000 
r.0,000 
62.000 
(M.OOO 
66,000 
68.000 
70,000 
72,000 
74,000 
76.000 
78.000 
80,000 
82,000 
84,000 
86,000 
88,000 
90.000 
94,000 
98,000 
100,000 
102,000 
104.000 
104,800 

IncH. 

0. 

.0003 
.0010 
.0020 
.0035 
.0038 
.0040 
.0043 
.0048 
.0051 
.0055 
.0060 
.0065 
.0070 
.0074 
.0080 
.0086 
.0092 
.0099 
.0107 
.0113 
.0121 
.0133 
.0145 
.0160 
.0174 
.0199 
.0225 
.0251 
.0290 
.0320 
.0370 
.(M30 
.0480 
.0669 
.07 
.09 
.11 
.13 
.17 
.22 
.44 

Inch. 

0. 

0. 

Initial  load. 

.0003 

.0010 

.0021 

.0011 

.0083 

.0198 

.0459 



Tensile  strength. 

0 

=  14.7  per  cent. 

HiOad  on  bar  at  time  of  rupture,  20,400  pounds  =  179,890  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".04,  ".33*,  ".07. 

IDiameter  at  fracture,  ".38;  area,  .1134  square  inch. 

Contraction  of  area,  54.6  per  cent. 

Fractured  1".55  from  the  neck. 

-Appearance  of  fracture,  fine  silky,  cup-shaped. 


0  CABBON    AND   NICKEL   STEEL    INGOTS. 

No.  7837. 

Heated  to  a  low  white  (expansion,  ".113  in  7". 23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  40.4  per  cent. 
Cooled  in  dry  sand. 
Marks,  19. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 

.0003 
.OOIX) 
.0020 
.0030 
.0(M0 
.0050 
.0062 
.0099 
.0105 
.0370 
.0500 
.0650 
.0609 
.0632 
.0700 
.0750 
.0833 
.0975 
.1120 
.1286 
.16 
.17 
.20 
.25 
.28 
.32 
.46 
.68 
.96 

Set. 

Inch. 

0. 

0. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
60,000 
62.000 
46,000 
46,000 
47,000 
48,000 
49,000 
60,000 
61,000 
62,000 
63,000 
M,000 
66,000 
68,000 
60,000 
62,000 
64,000 
66,000 
68,000 
69,000 
70,000 
72,000 
78, 120 
0 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=  32  per  cent. 

0. 
0. 
0. 

.0M8 

.1203 

Load  on  bar  at  time  of  rupture,  12,800  pounds  =140,970  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".17,  ".31,  ".48*. 

Diameter  at  fracture,  ".34;  area,  .0908  square  inch. 

Contraction  of  area,  63.7  per  cent. 

Fractured  1".17  from  the  neck. 

Appearance  of  fracture,  fine  silky,  cup-shaped. 


CARBON    AND   NICKEL   STEEL   INGOTS 


281 


No.  7838. 

Heated  to  a  low  white  (expansion,  ".112  in  7". 23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  44.(5  per  cent. 
Quenched  in  water. 
Marks,  20. 
Diameter,  ".664. 
Sectional  area,  .26  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

RemarkR. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

0. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
S5,000 
40,000 
46.000 
60,000 
65,000 
60,000 
65.000 
70,000 
75,000 
80,000 
85,000 
90,000 
95.000 
100,000 

la^ooo 

110,000 
115.000 
120,000 
190,000 
140,000 
160,000 
160,000 
170,000 
170,960 
0 

Inch. 

0. 
.00(M 
.0009 

Initial  load. 

.0020 

.0030 

.0036 

.OWl 

.0W7 

.0053 

.0059 

.0067 

.0078 

.OOhl 

.0089 

.0097 

.0104 

.0112 

.0122 

.0134 

.0148 

.0159 

.0176 

.0190 

.08 

.04 

.05 

.06 

.11 

0. 

0. 

.666i 

.ooai 

.0008 

.0011 

.0018 

.0028 

.0039 

.0157 

Tensile  strength. 

.16 

-i  5  per  cent." 

Load  on  bar  at  time  of  rupture,  41,500  pounds=211,300  pounds 
per  square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".02,  ".03,  ".10». 

Diameter  at  fracture,  ".60;  area,  .1964  square  inch. 

Contraction  of  area,  21.4  per  cent. 

Fractured,  ".45  from  the  neck. 

Appearance  of  fracture,  silky,  cup-shaped,  trace  of  granulation. 


CARBON    AND    NICKEL    STEEL   INGOTS 
No.  7839. 


Heated  to  a  yellow  (expansion,  ".094 
inder  the  hammer  at  same  temperature. 
Quenched  in  water. 
Marks,  21. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


in  7".23),  and  drawn  down 
Reduction,  39.8  per  cent. 


Applied 

loaasper 

square 

inch. 


In  ganged  length. 


Elonga- 
tion. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
95.000 
100,000 

la^ooo 

110,000 
115,000 
120,000 
130,000 
140,000 
150,000 
160,000 
162,880 
0 


Set. 


Tnch. 

0. 
.0003 
.0009 

Inch. 

0. 

0. 

.0020 

.0080 

.0041 
.0047 

.0001 

.0055 
.0061 

.0003 

.0069 
.0076 

.0006 

.0084 
.0091 

.0010 

.0100 
.0109 

.0017 

.0120 
0130 

.0023 

.0142 
.0155 

.0034 

.0170 
.0184 

.0050 

.0203 
.08 

.0070 

.04 

.05 

.07 

.14 

Remarks. 


Initial  load. 


Tensile  strength. 
=  4.7  per  cent. 


Load  on  bar  at  time  of  rupture,  38,000  pounds =193,480  pounds  per 
square  inch  on  area  at  f  mcture. 

Elongation  of  inch  sections,  ".01,  ".02,  ".11*. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
Fractured,  ".2  from  the  neck. 
Appearance  of  fracture,  silky,  cup-shaped. 


CARBON    AND   NICKEL   STEEL   INGOTS. 


No.  7840. 
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Heated  to  a  low  yellow  (expansion,  ".087  in  7". 23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  41.6  per  cent. 
Quenched  in  water. 
Marks,  22. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
&5,000 
90,000 
96,000 
100,000 
105,000 
110,000 
115,000 
120,000 
130,000 
140,000 
150,000 

Inch. 

0. 

.0003 
.0009 
.0019 
.0030 
.0043 
.0049 
.0057 
.0061 
.0071 
.0080 
.0090 
.0098 
.0110 
.0119 
.0132 
.0145 
.0162 
.0178 
.0200 
.0223 
.0258 
.M 
.06 
.09 

Inch. 

0. 

0. 

Initial  load. 

Tenuile  strength. 
=7.3  per  cent. 

0. 
.0002 
vOOOt 
.0007 

.0011 

.0018 

.0028 

.0039 
.0057*' 

.0082 

.0126 

1M,240 
0 

.22 

Load  on  bar  at  time  of  rupture,  36,200  pounds= 191,940  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".02,  ".17*,  ".03. 

Diameter  at  fracture,  ".49;  area,  .1886  square  in6h. 

Contraction  of  area,  24.6  per  cent. 

Fractured  1".37  from  the  neck. 

Appearance  of  fracture,  silky,  oblique.  Oblique  lines  on  cylindrical 
surface  in  vicinity  of  fracture. 


CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  7841. 


Heated  to  a  cherry  (expansion,  ".059 
iider  the  hammer  at  same  temperature. 
Quenched  in  water. 
Marks,  23. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


in  7".  23),  and  drawn  down 
Reduction,  39.2  per  cent. 


Applied 

loads  per 

square 

inch. 

In  gauged  lengtli. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80.000 
40,000 
46,000 
48,000 
49,000 
60,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 

Inch. 

0. 

.0003 
.0009 
.0019 
.0029 
.OMO 
.0046 
.0049 
.0053 
.0058 
.0060 

Inch. 

0. 

0. 

Initial  load. 

Ela.stle  limit;  approximate. 

Tensile  strength. 
=  3.3  per  cent. 

0. 
0. 

.6668 

.0062 



.0064 
.0067 
.0069 
.0071 



.0011 

57,000              .0073 
58,000              .0075 
59,000    ,          .0077 
60.000              .0080 
65,000    1          .0090 
70,000              .0105 
76,000              .0120 
80,000    1          .0138 
86,000    '          .0160 
90,000    '          .0190 
96,000    ,          .0219 
100,000              .0262 
105,000              .0312 
110,000              .0391 
115, 000               .  0461 

.0018 

.663i 

.0054 

.0091 

.0150 

.0260 

120,000 
126,200 

.0600 

.(M53 

0 

.10 

• 

.02,  ".03. 
.2376  square  inch. 


Elongation  of  inch  sections,  ".05*, 

Diameter  at  fracture,  ".55;  area, 

Contraction  of  area,  5  per  cent. 

Fractured  ".4  from  the  neck. 

Appearance  of  fracture,  silky,  oblique,  irregular.  Fractured  under 
the  maximum  load.  Slight  snapping  sounds  immediately  preceded 
rupture. 


CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  7842. 


285 


Heated  to  a  blood  red  (expansion,  ".037  in  7". 23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  37.3  per  cent. 
Quenched  in  water. 
Marks,  24. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
6,000 
10,000 
20.000 
30,000 
40,000 
45,000 
60,000 
61,000 
62,000 
53.000 
64,000 
66,000 
56,000 
87,000 
08,000 
59,000 
60,000 
61,000 
62,000 
63.000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71.000 
Ti,  000 
73,000 
74,000 
76,000 
78,000 
80,000 
82.000 
82,800 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch, 

0. 

.0003 
.0010 
.0020 
.0080 
.0041 
.0046 
.0063 

.oa-ie 

.0059 
.0061 
.0064 
.0068 
.0072 
.0077 
.0085 
.0097 
.0137 
.0169 
.0228 
.0280 
.0390 
.0110 
.0130 
.0470 
.0600 
.0643 
.0710 
.0788 
.0810 
.0900 
.1010 
.1-26-1 
.1490 
.1875 
.25 


Set. 


Inch. 

0. 

0. 


0. 
0. 
0. 
.0002 


Remarks. 


Initial  load. 


.0009 


I        .  0070    I  Rasted  65  minutes  under  initial  load. 


.! 


.0332 


.0020    I  Rested  10  minutcH  under  initial  load, 
.cwii    '  Rt>8ted  6  minutes. 


I         .1760 


.53 


,  Tensile  strength. 
-   17.7  per  cent. 


Load  on  bar  at  time  of  rupture,  18,000  pounds =13(5,360  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".04,  ".17,  ".32*. 
Diameter  at  fmcture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47.2  per  cent. 
Fractured  1".03  from  the  neck. 
Appearance  of  fracture,  silky,  oblique. 
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CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  7841. 


Heated  to  a  cherry  (expansion,  ".059 
under  the  hammer  at  same  temperature. 
Quenched  in  water. 
Marks,  23. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch, 
(jauged  length,  3". 


in  7".  23),  and  drawn  down 
Reduction,  39.2  per  cent. 


Applied 

loaas  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Remarks. 
Set.       ' 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
45,000 
48.000 
49,000 
50.000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 

Inch. 

0. 

.0003 
.0009 
.0019 
.0029 
.0040 
.0046 
.0049 
.0053 
.0058 
.0060 
.0062 
.0064 
.0067 
.0069 
.0071 

Inch. 

0. 

0. 

Initial  load. 

Elastic  lunlt;  approximate. 

Tensile  strength. 
=  3.3  per  cent. 

0. 
0. 

.0008 

.0011 

57,000    1          -0073 

58,000 
59,000 
60.000 
65,000 

.0075 
.0077 
.0080 
nnon 

.0018 

70,000    '          .0105 
75,000    i          .0120 
80,000              .0138 
85,000              -OlfiO 

.6631 

.0054 

90,000 
95,000 
100,000 

la^ooo 

110,000 
115,000 
120,000 
126,200 
0 

.0190 
.0219 
.0262 
.0312 
.0391 
.0461 
.0600 

.0091 

.0150 

.0260 

.0453 

.io 

Elongation  of  inch  sections,  ".05*,  ".02,  ".03. 

Diameter  at  fracture,  ".55;  area,  .2376  square  inch. 

Contraetion  of  area,  5  per  cent. 

Fractured  ".4  from  the  neck. 

Appearance  of  fracture,  silky,  oblique,  irregular.  Fractured  under 
the  maximum  load.  Slight  snapping  sounds  immediately  preceded 
rupture. 


CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  7842. 


285 


Heated  to  a  blood  red  (expansion,  ".037  in  7". 23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  37.3  per  cent 
Quenched  in  water. 
Marks,  24. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pound8. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
45,000 
50,000 
61,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
88,000 
59,000 
60,000 
61,000 
62,000 
68,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 

Inch. 

0. 

.0003 
.0010 
.0020 
.0030 
.0041 
.0046 
.0053 
.0056 

Inch. 

0. 

0. 

Initial  load. 

6. 
0. 
0. 
.0002 

.0069 
.0061 
.0061 
.0068 
.0072 
.0077 
.0085 
.0097 
.0137 
.0159 
.0228 
.0280 
.0390 
.0410 
.(M30 
.0470 
.0600 
.0643 





.0009 



.0070 

Rested  55  minutes  under  initial  load. 





.0332 



70,000 
71.000 

.0710 
.07:w 

.0620 

Rested  10  minutes  under  initial  load. 

72, 000    1          .  0810 

73,000              .0900 
74,000              .1010 
76, 000              ■  1264 

.0811 

Rested  6  minutes. 

78,000 
80,000 
82,000 

.1490 
.1875 
.26 

.1760 

82,800 

Tensile  strength.                                                                        | 
--   17.7  per  cent. 

0 

.«""■■ 

Load  on  bar  at  time  of  rupture,  18,(X)0  pounds= 130,360  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".04,  ".17,  ".32*. 
Diameter  at  fracture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47.2  per  cent. 
Fmctured  1".03  from  the  neck. 
Appearance  of  fracture,  silky,  oblique. 
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CARBON    AND    NICKEL   STEEL   IN(K)TS. 
No.  7843. 


Heated  to  a  yellow  (expansion,  ".085  in  7".  23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  42.8  per  cent. 
Quenched  in  water. 
Annealed  at  cherry,  cooling  in  sand. 
Marks,  25. 
Diameter,  ".564. 
Sectiopal  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarka. 

Elonga- 
tion. 

Inch. 

0. 

.0004 
.0010 
.0020 
.0031 
.OWl 
.0052 
.0055 
.0078 
.0520 
.0672 
.0742 
.0827 
.0860 
.0912 
.1036 
.1192 
.1400 
.17 
.19 
.23 
.28 
.35 
.47 

Set. 

Powids. 

1,000 

5,000 

10,000 

Inch. 

0. 

0. 

Initial  load. 

Klastic  limit.    Load  fell. 

20,000 
30,000 
40,000 
50.000 
63,000 
48,000 
49,000 

0. 
0. 
0. 

60,000 
51,000 
52,000 
53,000 
64,000 

Tensile  strength. 
34.3  per  rent. 

66,000 
58,000 

60,000 
62,000 

.1320 

64,000 

66,000 
68,000 
70,000 
72,000 
78,280 
0 

1.03 

Load  on  bar  at  time  of  rupture,  12,600  pounds =130,980  pounds 
per  square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".25,  "54*,  "24. 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  1".7  from  the  neck. 

Appearance  of  fracture,  tine  silky,  cup-shaped. 


CABBON    AND   NICKEL   STEEL   INGOTS. 
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No.  7844. 


Heated  to  a  yellow  (expansion,  ".090 
under  the  hammer  at  same  temperature. 
Quenched  in  water. 
Annealed  at  bright  red,  cooling"  in  sand. 
Marks,  26. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


in  7".  23),  and  drawn  down 
Reduction,  42.8  per  cent. 


Applied 

loads  per 

equare 

inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
90,000 
35.000 
40,000 
45,000 
50,000 
58,000 
54,000 
48.000 
49,000 

50,000 

51,000 
52,000 
54,000 
56,000 
58,000 
60,000 
d2,000 
M.OOO 
66.000 
68,000 
70.000 
72.000 
72,400 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0003 
.0009 
.0020 
.0080 
.0036 
.0041 
.0(M6 
.0061 
.00J>4 
.0070 
.0100 
.0110 
.0149 
.0760 
.0800 
.0855 
.0965 
.1120 
.1300 
.1500 
.18 
.20 
.24 
.29 
.36 
.53 
.75 

1.00 


Set. 


Inch. 

0. 

0. 


0. 
0. 
0. 


RemarkK. 


Initial  load. 


Elastic  limit. 
Load  fell. 


.1423 


I  Tensile  strength. 
'      XV.i  per  ct'nt. 


Load  on  bar  at  time  of  rupture,  12,700  pounds^  139,870  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".44*,  ".35,  ".21. 

Diameter  at  fracture,  ".34;  area,  .0908  square  inch. 

Contraction  of  area,  63.7  per  cent. 

Fractured  1".25  from  the  neck. 

Appearance  of  fracture,  fine  silky,  cup-shaped. 
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CARBON    AND    NICKEL   STEEL   INGOTS. 

No.  7846. 


Heated   to  a  yellow  (expansion,  ".091  in  7". 23),  and  drawn  down 
under  the  hammer  at  same  temperature.     Reduction,  45.8  per  cent. 
Quenched  in  water. 
Annealed  at  yellow,  coolin^r  in  sand. 
Marks,  27. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loaosper 

Hquare 

Inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5.000 
10,000 
20,000 
30,000 
40.000 
50,000 
61,000 
46,000 
47.000 
48,000 
49,000 
50,000 
51.000 

IflCh. 

0. 
.0004 
.0010 
.0021 
.0031 
.0041 
.0052 

.oa>4 

.0084 
.0100 
.0511 
.0630 
.0690 
07fin 

Inch. 

0. 

0. 

Initial  load. 

0. 
0. 
0. 

EloHtlc  limit.    Load  fell. 

Tensile  strength. 

52,000    1          .0830 
54,000    ,          .0922 
56,000              -lORS 

58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
71,800 
0 

.1250 

.1485 

.17 

.20 

.24 

.30 

.38 

.59 

.91 

.1403 

-^30.3  per  cent. 

Load  on  bar  at  time  of  rupture,  13,2()()  pounds= 137,210  pounds  per 
square  inch  on  area  at  f  i-acture. 

Elongation  of  inch  sections,  ".19,  ".51*,  ".21. 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  1".78  from  the  neck. 

Appearance  of  fracture,  fine  silky,  cup-shaped. 
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PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  M62-3,  NO.  7692,  CROSS  SECTION. 

62-INCH  CARBON  STEEL  INGOT.      MAGNIFICATION  53  DIAMETERS. 

STEEL  IN   NATURAL  STATE  OF  INGOT. 


HELtOTYPE    CO.,    BOSTON. 
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METAL  FROM  es-INCH  OCTAGONAL  CARBON  STEEL  INGOT. 

Longitudinal  Unforged  Specimens  in  Natural  State  of  Ingot 
AND  After  Heat  Treatment  of  the  Steel. 


No.  7692. 


Natural  state. 
Marks,  M  62-3. 
Diameter,  ".564. 
Sectional  area,  .25 
Gauged  length,  3" 


square  inch. 


loacuper 
square 
inch. 

In  gauged  length. 

Remarkn. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
5.000 
10.000 
16,000 
20,000 
26.000 
80.000 
81,000 
82,000 
88.000 
84.000 
85,000 
86,000 
87,000 
88,000 
89.000 
40,000 
42,000 
44,000 
46.000 
48,000 
60,000 
52.000 
54,000 
66,000 
58,000 
60,000 
62.000 
62,660 

Inch, 

a 

.0004 
.0010 
.0016 
.0021 
.0028 
.0086 
.0088 
.0040 
.0044 
.0061 
.0067 
.0080 
.0092 
.0115 
.0180 
.0149 
.0190 
.0224 
.0270 

Inch, 
0. 
0. 

Initial  load. 
ElasUc  limit. 

=  1.7  per  cent 

0. 

.0001 
.0008 

.0027 

.0099 



.0805 

.0860 
.0888 
.0435 
.0482 
.0540 
.0590 
.0680 

.0291 

.0605 

0 

.06 

1 

Elongation  of  inch  sections,  ".02,  ".01,  ".02. 

Contraction  of  area,  inappreciable. 

Appearance  of  fracture,  medium  granular,  brilliant  facets, 
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CASBOK    AND   NICKEL   STEEL   INGOTS. 


No.  7693. 

Natural  state. 

Marks,  M62-6. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 


Applied 

loaosper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
16,000 
20,000 
26,000 
29,000 
30,000 
31,000 
82,000 
83,000 
84,000 
36,000 
36,000 
37,000 
88,000 
89,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
64,000 
58,000 
60,000 

Inch. 

0. 

.0003 
.0009 
.0014 
.0020 
.0028 

Inch. 

0. 

0. 

Initial  load. 

ElaBticlimit;  approximate. 

Tensile  strength 
=  7.3  per  cent. 

0. 
0. 

.0039 

.0041 

.0049 

.0063 

.0068 

.0081 

.0102 

.0116 

.0129 

.0164 

.0180 

.0214 

.0260 

.0302 

.0350 

.0410 

.06 

.07 

.08 

.0006 

.0041 

.0130 

.0841 

64,000              .09 
68  000    '           10 

72,000 

76.000 

79,840 

0 

.12 
.16 

.22 

Elongation  of  inch  sections,  ".09*,  ".06,  ".07. 
Diameter  at  fracture,  ".55;  area,  .2376  square  inch. 
Contraction  of  area,  5  per  cent. 
Appearance  of  fracture,  medium  granular,  brilliant  facets. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  M62-6,  NO.  7693,  CROSS  SECTION. 

62-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  IN  NATURAL  STATE  OF  INGOT. 


MEUOTYPE   CO.,    ftOSTON. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  M62-A,  NO.  7694,  CROSS  SECTION. 

62-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  63  DIAMETERS. 

STEEL  HEATED  BLUE  AND  COOLED  IN  SAND. 


HELIOTYK   CO..   ■OflTON. 


OABBOK   AND   NICKEL   STEEL   INGOTS. 

No.  7694. 

Heated  to  a  blue  and  cooled  in  dry  sand. 

Marks,  M62-A. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 
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Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25.000 
26,000 
27.000 
.     28,000 
29,000 
30.000 
31.000 
32,000 
38,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39.000 
40,000 
42  000 
44,000 
46,000 
48,000 
50,000 
56,000 
60,000 
64,000 
68,000 
72,000 
76.000 
80,000 
84.000 
87,840 
0 

Inch. 
0. 
.0004 
.0011 
.0016 
.0021 
.0027 
.0028 
.0029 
.0090 
.0031 
.0032 
'     .0035 
.0039 
.0042 
.0056 
.0070 
.0087 
.0099 
.0128 
.0138 
.0163 
.0194 
.0238 
.0278 
.0320 
.0361 
.05 
.06 
.08 
.09 
.11 
.14 
.17 
.22 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=>  12  per  cent. 

0. 
.0001 

.0001 

.6636 

.0112 

.0295 

.36 

Elongation  of  inch  sections,  ".09,  ".17*,  ".10. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Appearance  of  fracture,  medium  granular. 
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OABBOir   AND   NIOKEL   STEEL   INOOl'S. 
No.  7695. 


i 


Heated  to  a  low  red  and  cooled  in  dry  sand. 

Marks,  M62-B. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loadflper 

B^iare 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set, 

Pounds. 
1.000 
6,000 
10,000 
16,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
81,000 
32,000 
88,000 
84,000 
85.000 
86,000 
37,000 
88,000 
89,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
56,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
84.000 
0 

Inch. 

0. 

.0004 
.0010 
.0016 
.0021 
.0027 
.0028 
.0029 
.0080 
.0082 
.0065 
.0089 
.0042 
.0050 
.0069 
.0088 
.0102 
.0118 
.0142 
.0159 
.0190 
.0225 
.0268 
.0812 
.0360 
.0420 
.05 
.06 
.08 
.10 
.12 
.15 
.21 

Inch. 

0. 

0. 

IniUal  load. 

0. 
0. 

Elastic  limit 

.0002 

Tensile  strength. 
^11  per  cent. 

.0048 

.0189 

.0861 

.33 

Elongation  of  inch  sections,  ".09,  ".10,  ".14*. 
Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Appearance  of  fracture,  medium  granular,  brilliant  facets. 


PHQTOM'OKOGRAf'H   ()F   STf.M   Or    TFNSliE   SPECiVF.N   M'\ -B,   NO.    "o95,  Cc?0.->S  SFC^IJN. 

tS:-'r.Ch    C/^^bON    S'EE..    INGOT.      K'A  i\. '- ICA" 'C\N    -3    L'AV^TrRS. 

S'EE!.   -F.A^t  L    ^CA'   KcL)   AND   '^OCLir*   'N   SAND. 


»-tliO^>'-.f    CO.,    BOi-lON. 


'h    A** 


PHOTOMICROGRAPH  OF  STf^.M   OF  TENSILE  SPECIMEN  M62-C,  NO.  769n,  CROSS   SECTION. 

62-INCH   CARBON   STEEL  INGOT.      MAGNIFICATION   53   DIAMETERS. 

STEEL  HEATEC    CHERRY  AND   COOLEu   IN   SAND. 


CARBON  AKD  NIOK^.   T£KL  INGOTS. 

No.  7696. 

Heated  to  a  cherry  color  and  cooled  in  dry  sand. 

Marks,  M62-C. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

nquare 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
85,000 
40,000 
45,000 
46,000 
47.000 

48,000 

49,000 
50,000 
51,000 
52,000 
53.000 
54.000 
55.000 
66,000 
57,600 
0 

Inch, 

0. 

.0004 
.0010 
.0016 
.0021 
.0027 
.0032 
.0040 
.0045 
.0063 
.0055 
.0058 
f       .0065 
t       .0071 
.0079 
.0108 
.0190 
.0400 
.0410 
.0421 
.0448 
.0475 

Tneh. 

0. 

0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 
»2.8  per  cent. 

.0001 
.0001 
.0001 
.0001 
.0002 
.0005 

.0049 

.07 

Elongation  of  inch  sections,  ".04,  ".02,  ".01. 
Contraction  of  area,  inappreciable. 

Appearance  of  fracture,  medium  granular,  brilliant  facets;  dark 
colored  spot  at  circumference.     Defective  specimen. 
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OABBOK    AND   NICKEL   STEEL   INGOTS. 

No.  7697. 


Heated  to  a  low  yellow  and  cooled  in  dry  sand. 

Marks,  M62-D. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

8quare 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remark.s. 

POUTUU. 

1,000 
5.000 
10,000 
15,000 
20,000 
25.000 
80,000 
35,000 
40,000 
45,000 
49,000 
50,000 
47,000 
48,000 
49,000 
60,000 
51.000 
52,000 
53,000 
54,000 
56.000 
58,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80.000 
84,000 
88,000 
92.000 
95,920 
0 

Inch. 

0. 
.0003 
.0010 
.0015 
.0020 
.0025 
.0031 
.0087 
.0W2 
.0049 
.0054 
.0058 
.0107 
.0140 
.0175 
.0232 
.0242 
.0262 
.0280 
.0310 
.0358 
.0403 
.0460 
.06 
.07 
.08 
.10 
.12 
.14 
.17 
.23 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Load  fell. 

Tensile  strength. 
=18.7  per  cent. 

0. 

0. 

0. 
.0001 
.0002 

.0168 

.0378 

.41 

Elongation  of  inch  sections,  ".10,  ".10,  ".21*. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  21.4  per  cent. 

Appearance  of  fracture,  nne  gi'anular;  silky  spot  at  circumfei'ence. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  M62-D,  NO.  7697,  CROSS  SECTION. 

62-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  63  DIAMETERS. 

STEEL  HEATED  LOW  YELLOW  AND   COOLED  IN  SAND. 


HEUOTYPC    CO.,    BOSTON. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  M62-E,  NO.  7698,  CROSS  SECTION. 

62-INCH  CARBON  STEEL  INGOT.      MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  BRIGHT  YELLOW  AND  COOLED  IN  SAND. 


HEUOTYPE    CO.,    BOSTON. 


OABBON  AKD  NICKEL  STEEL  INGOTS. 

No.  7698. 

Heated  to  a  bright  yellow  and  cooled  in  dry  sand. 

Marks,  M62-E. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loAdsper 

nqiiaro 

inch. 

In  gauged  length. 

Remarks. 

Klonga- 
tion. 

Set. 

Pound*. 
1,000 
5,000 
10,000 
20,000 
25,000 
80,000 
85.000 
40,000 
45,000 
60,000 
51,000 
52,000 
58.000 
54,000 
55.000 
66,000 
58,000 
60,000 
64,000 
68,000 
72.000 
76.000 
80,000 
84,000 
88,000 
92,000 
96,000 
99,200 
0 

Inch. 

0. 
.0008 
.0009 
.0020 
.0026 
.0080 
.0086 
.0041 
.0047 
.0054 
.0069 
.0072 
.0090 
.0180 
.0168 
.0192 
.0220 
.0262 
.06 
.04 
.05 
.06 
.07 
.09 
.10 
.12 
.16 

Inch. 

0. 

0. 

Initial  load. 
ElasUc  limit 

Teniile  strength. 
=4.7  per  cent. 

0. 

0. 
0. 
0. 

.0002 

.0100 

.0187 

.14 

Elongation  of  inch  sections,  ".06,  ".06,  ".04. 
Contraction  of  area,  inappreciable. 
Appearance  of  fracture,  fine  granular. 
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OAKBON   AND   NICKEL   STEEL   INGOTS. 
No.  7699. 


Heated  white  hot  and  cooled  in  dry  sand. 

Marks,  M  62-F. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaasper 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
26,000 

ao.ooo 

86,000 
40,000 
46,000 
60,000 
61,000 
52,000 
63,000 
54,000 
66,000 
56,000 
57,000 
58,000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,-000 
72,000 
76,000 
80,000 
84,000 
88,000 
92.000 
96,000 
100,000 
104,000 
108.000 
112,000 
116,600 
0 


In  gauged  length. 


Elonga- 
tion. 


Tneh. 

0. 

.0008 
.0009 
.0019 
.0024 
.0080 
.0086 
.0040 
.0046 
.0058 
.0066 
.0058 
.0061 
.0064 
.0068 
.0076 
.0081 
.0089 
.0099 
.0113 
.0138 
.0166 
.0200 
.0284 
.0272 
.08 
.04 
.06 
.06 
.07 
.08 
.09 
.10 
.13 
.15 
.20 


Set. 


Inch. 

0. 

0. 


-  .0001 


.0001 
0. 
0. 
0. 

.0001 


.0010 


.0047 


.0185 


Remark.s. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
=8.7  per  cent. 


Elongation  of  inch  sections,  ".08,  ".08,  ".10*. 
Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 
Contraction  of  area,  8.4  per  cent. 
Appearance  of  fracture,  fine  granular. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  M62-F,  NO.  7699,  CROSS  SECTION. 

62-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  WHITE  HOT  AND  COOLED  IN  SAND. 


HELIOTYPf    CO..    ftOSTON. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  M62-G,  NO.  7700,  CROSS  SECTION. 

62-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED   NEARLY  SCINTILLATING  HOT  AND  COOLED  IN  SAND. 


HELIOTYPE   CO.,    BOSTON. 


CARBON   AND   NICKEL   STEEL   INGOTS. 

No.  7700. 
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Heated  to  nearly  a  scintillating  temperature,  cooled  in  dry  sand. 

Marks,  M  62-G. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loads  per 

square 

Inch. 

Elonga- 
tion. 

Set. 

ReniarkH. 

Poundt.          Inch. 
1,000           0. 
5,000    1          .0004 
10, 000    1           .  0010 

Inch. 
0.     • 
0. 

Initial  load. 

20.000 
30,000 
35.000 
40,000 
45.000 
48,000 

.0020 
.0030 
.0036 
.0041 
.0047 
.«»1 

6. 
0. 
0. 
0. 
0. 

49,000              .0052 
50.000    ,          .0066 
51,000    )           .0060 

Elastic  llmi'.. 

.0003 

52,000 

.0066 

53.000 
54.000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
62,000 
64.000 
66.000 
68,000 
70,000 
72,000 
76.000 
80.000 
84,000 
88.000 
92,000 
96,000 
100,000 
104,000 
107,040 
0 

.0069 

.0075 

.0083 

.0095 

.0102 

.0115 

.0129 

.0148 

.0180 

.0219 

.0253 

.0294 

.0835 

.04 

.06 

.06 

.07 

.08 

.10 

.12 

.14 

.17 

.0022 

.0078 

.0247 

Tensile  strength. 

.20 

-=6.7  per  cent. 

Elongation  of  inch  sections,  ".06,  ".07*,  ".07. 
Diameter  at  fracture,  ".55;  area,  .237()  square  inch. 
Contraction  of  area.  5  per  cent. 
Appearance  of  fracture,  fine  granular. 
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CABBON   AND   NICKEL   STEEL   INGOTS. 
No.  7701. 


Heated  white  hot,  quenched  in  oil,  annealed  at  blue  heat. 

Marks,  M62-J. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaas  per 

square 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45.000 
60,000 
55,000 
60,000 
65,000 
70,000 
72,800 
0 

Inch, 

0. 
.0003 
.0009 
.0019 
.0029 
.0034 
.0039 
.0045 
.0060 
.0056 
.0061 
.0067 
.0073 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
=1  per  cent. 

0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

.03 



Elongation  of  inch  sections,  ".03*,  ".00,  ".00. 

Contraction  of  area,  inappreciable. 

Appearance  of  fracture,  medium  fine  granular,  brilliant  facets. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  M62-J,  NO.  7701,  CROSS  SECTION. 

62-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  WHITE  HOT,  QUENCHED   IN  OIL, 

AND  ANNEALED  AT  BLUE. 


HELIOTYPE    CO.,    BOSTON. 


GABBON    AND    NICKEL   STEEL   INGOTS. 

No.  7702. 

Heated  white  hot,  quenched  in  oil,  annealed  at  blood-red  heat. 

Marks,  M  62-K. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

square 

inch. 

In  gauge 

Elonga- 
tion. 

IfWh, 

0. 
.0003 
.0009 
.0020 
.0081 
.0080 
.0041 
.0046 
.0051 
.0056 
.0061 
.0066 
.00?2 
.0079 

d  length. 
Sot. 

Remarks. 

Poundn. 
1,000 
5,000 
10,000 
20,000 
80,000 
35,000 
40.000 
46,000 
50.000 
55,000 
60,000 
65,000 
70,000 
75,000 
78,000 
80,000 
81.000 
82,000 
83,000 
84,000 
85,000 
92,000 
96,000 
100,000 
104,000 
108,000 
112,000 
113,600 
0 

Inch. 

0. 

0. 

IniUal  load. 

Elastic  limit;  approximate. 

Tensile  strength. 
=^11  percent. 

0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.0087 
.0089 
.0091 
.0095 
.0099 

.0003 

.0102 

.02 

.04 

.06 

.09 

.0012 

.11 

.17 

.S3 

Elongation  of  inch  sections,  ".08,  ".20*,  ".05. 
Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  cent. 
Appearance  of  fracture,  dull  silky,  irregular,  oblique. 
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OABBON    AND    NICKEL   STEEL   INGOTS. 

No.  7703. 


Heated  white  hot,  quenched  in  oil,  annealed  at  cherry  color. 

Marks,  M62-L. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaas  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20.000 
30,000 
35,000 
40,000 
45,000 
50,000 
60,000 
64,000 
64,800 
60,000 
61,000 
62.000 
63,000 
64,000 
68,000 
72.000 
76,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100.000 
108,200 
0 

Inch. 

0. 
.0003 
.0009 
.0019 
.0030 
.0085 
.0040 
.0046 
.0061 
.0061 
.0067 

Inch. 

0. 

0. 

IniUal  load 

Elastic  limit.    Loa4  fell. 

Tensile  strength. 
=10  per  cent. 

0. 
0. 

0. 

0. 
0. 

.0109 
.0216 

.alio 

.0416 
.0432 
.06 

.0349 

.07 
.08 
.09 
.11 
.18 
.15 
.19 
.23 







.30 

Elongation  of  inch  sections,  ".09,  ".12,  ".09. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 

Appearance  of  fracture,  fine  granular,  flaky,  radiating  from  silky 
metal  at  the  circumference. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  M62-M,  NO.  7704,  CROSS  SECTION. 

62-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  WHITE  HOT,  QUENCHED  IN  OIL,  AND  ANNEALED  AT  BRIGHT  YELLOW. 


HELIOTVPC   OO.,   BOSTON. 


CARBON    AND   NICKEL    STEEL   INGOTS. 

No.  7704. 

Heated  white  hot,  quenched  in  oil,  annealed  at  bright  yellow. 

Marks,  M62-M. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks.                                             | 

Elonga- 
tion. 

Set. 

Povmds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40.000 
50,000 
55,000 
66,000 
57,000 
58,000 
59,000 
60,000 
62.000 
64  000 

Inch, 

0. 

.0004 
.0010. 
.0020 
.0080 
.0085 
.0040 
.0052 
.0078 
.0102 
.0127 
.0145 
.0164 
.0185 
.0218 

OORO 

Inch, 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=  13.3  per  cent. 

0. 

6. 
.0002 
.0019 

.0111 

eelooo         .0288 

68,000    1          .0828 
70,000              .0366 
76,000              .05 
80.000              .06 
84,000              .07 
88,000    '          .09 
92,000    1          .10 
96,000    '          .12 
100,000    1          .14 
104.000              .16 
108,000    1          .21 
112.000    1          .88 
0     \           -40 

.0270 

Elongation  of  inch  sections,  ".18*,  ".10,  ".12. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contmction  of  area,  21.4  per  cent. 
Appearance  of  fracture,  fine  granular,  silky  center. 
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CARBON    AND   NICKEL    STEEL   INGOTS. 

No.  7705. 


Heated  white  hot,  quenched  in  oil,  annealed  at  white  heat. 

Marks,  M62-N. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

fnch. 

In  gauged  length. 

Remarks. 

Elongar 
tion. 

Set 

Poundt. 
1,000 
5,000 
10,000 
20,000 
30,000 
85,000 
40,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56.000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
76.000 
80,000 
84.000 
88,000 
92,000 
96,000 
100,000 
104,000 
0 

Inch, 

0. 

.0004 
.0010 
.0020 
.0081 
.0086 
.0042 
.0049 
.0051 
.0068 
.0057 
.0060 
.0068 
.0068 
.0072 
.0080 
.0089 
.0099 
.0112 
.0142 
.0180 
.0210 
.0250 
.0295 
.0332 
.0885 
.05 
.06 
.07 
.09 
.11 
.18 
.15 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=  6.3  per  cent. 

0. 

0. 
.0001 

.0010 

.0039 

.0108 

.0298 

.19 

Elongation  of  inch  sections,  ".07,  ".05,  ".07*. 
Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 
Contraction  of  area,  8.4  per  cent. 
Appearance  of  fracture,  medium  granular,  brilliant  facets. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  M62-N,  NO.  7705,  CROSS  SECTION. 

62-INCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  WHITE  HOT,  QUENCHED  IN  OIL, 

AND  ANNEALED  AT  WHITE  HEAT. 


MELIOTYPC   CO.,    BOSTON. 


CABBON    AND   NICKEL   STEEL   INGOTS. 

No.  7706. 

Heated  to  a  cherry  color  and  quenched  in  oil. 

Marks,  M  62-0. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

Bquare 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

I\mnd$. 

1,000 

6,000 

10,000 

20,000 

80,000 

85,000 

40,000 

45.000 

60.000 

65.000 

60.000 

65,000 

70,000 

76,000 

80,000 

86,000 

92,000 

100,000 

104.000 

108,000 

112,000 

116,000 

120,000 

124,000 

126,000 

0 

Inch. 
0. 
.0004 

.0009 

.0020 

.0080 

.0036 

.0042 

.0048 

.0056 

.0060 

,0069 

.0075 

.0082 

.0090 

.0108 

.0138 

.03 

.04 

.05 

.06 

.07 

.06 

.10 

.12 

Inch. 

0. 

0. 

Initial  load. 

0. 

0. 

.0001 
.0001 

.0005 
.0007 
.0009 
.0011 
.0024 
.0044 

1 

1 

Tensile  strength. 
»  4.3  per  cent. 

.13 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".02,  ".04,  ".07*. 

Diameter  at  fracture,  ".55;  area,  .2376  square  inch. 

Contraction  of  area,  6  per  cent. 

Appearance  of  fracture,  granular,  flaky. 

H.  Doc  521,  58-2 20 


306 


CARBON   AND   NICKEL   STEEL   INGOTS. 
No.  7707. 


Heated  to  a  cherry  color,  quenched  in  oil,  annealed  at  about  1,000°  F. 

Marks,  M62~R. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Apjplied 

looas  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Poundjs. 
1,000 
5,000 
10,000 

ao.ooo 

80,000 
35,000 
40,000 
45.000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
78,000 
80,000 
88,000 
92,000 
96,000 
100,000 
104,000 
108,000 
112,000 
113.600 
0 

Inch. 

0. 

.0004 
.0009 
.0019 
.0080 
.0036 
.0040 
.0046 
.0052 
.0069 
.0066 
.0071 
.0079 
.0068 
.0099 
.0180 
.08 
.04 
.06 
.07 
.08 
.10 
.12 

Inch, 

0. 

0. 

Initial  load. 

0. 

0. 

.0001 

.0002 

.0005 
0009 

.0042 

Tensile  strength. 
=8.8  per  cent. 

.10 

Elastic  limit  indefinite. 
Elongation  of  inch  sections,  ".04,  ".03,  ".08. 
Contraction  of  area,  inappreciable. 
Appearance  of  fracture,  medium  granular,  &aky. 
in  stem  in  vicinity  of  place  of  rupture. 


Opened  cracks 


/ 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  M62-R,  NO.  7707,  CROSS  SECTION. 

62HNCH  CARBON  STEEL  INGOT.     MAGNIFICATION  53  DIAMETERS. 

STEEL  HEATED  CHERRY,  QUENCHED  IN  OIL,  AND  ANNEALED  AT  1000    +  DEG.  F. 


MEUOTYn   CO.,   MMTON. 


CARBON   AND   NICKEL    STEEL   INGOTS.  307 

No.  7708. 

Heated  low  yellow,  quenched  in  oil,  annealed  at  about  1,000^  F. 

Marks,  M62-S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loocUper 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Rcmarkfi. 

I 

Poundt, 
1,000 
5.000 
10,000 
20.000 
80.000 
85,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
95.000 
100,000 
105.000 
106,000 
110,000 
120,000 
128,000 
136,000 
144,000 
150,000 
0 

Inch, 

0. 

.0008 
.0009 
.0020 
.0031 
.0086 
.0041 
.0046 
.0051 
.0057 
.0061 
.0067 

.om 

.0078 

.0082 

.0088 

.0093 

.0100 

.0107 

.0114 

.0120 

.0126 

.02 

.08 

.04 

.07 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
=5  per  cent. 

0. 

0. 

0. 

0. 

0. 

0. 

.0001 

.0002 

.0010 

.15 

Elastic  limit,  indefinite. 

Elongation  of  inch  sections,  ".04, 

Diameter  at  fracture,  ".54;  area,  . 

Contraction  of  area,  8.4  per  cent 

Appearance  of  fracture,  aull  silky,  interspersed  with  fine  granulation. 


.10*,  ".01. 
.2290  square  inch. 
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CARBON    AND    NICKEL    STEEL   INGOTS. 

No.  7709. 


Heated  bright  yellow,  quenched  in  oil,  annealed  at  about  1,000°  F. 

Marks,  M  62-T. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Klongar 
tlon. 

Set. 

Poundt. 

1,000 

5,000 

10,000 

20,000 

80,000 

35.000 

40,000 

45,000 

50,000 

55,000 

60,000 

65,000 

70,000 

75.000 

80,000 

85,000 

90.000 

95.000 

100,000 

105,000 

110,000 

115,000 

120.000 

186,000 

144.000 

162,000 

159,200 

0 

Inch. 

0. 

.0008 
.0009 
.0020 
.0080 
.0036 
.0041 
.0046 
.0061 
.0056 
.0061 
.0067 
.0072 
.0077 
.0082 
.0087 
.0092 
.0098 
.0108 
.0108 
.0113 
.0119 
.0126 
.02 
.03 
.05 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
=4  per  cent 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.0002 

.12 

£Iongation  of  inch  sections,  ".01, 
Diameter  at  fracture,  ".54;  area, 
Contraction  of  area,  8.4  per  cent. 
Appearance  of  fracture,  silky,  interspersed  with  fine  granulation. 


.04,  ".07*. 
.2290  square  inch. 
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tJiX>XJVt,kJtOt  01*  ROTATING  BHAFM.  did 

Endurance  of  Rotating  Shafts. 

details  of  tests. 

No.  326. 
Marks,  7x2,  9. 

Turned  down  from  bar  li"  diameter.     0.25  per  cent  carbon.     Hard- 
ened. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Max- 
imum 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

fiber 
stress 
per 
square 
inch. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
43,000 

1,000 

1,000 

a 
b 
c 

Inch. 
.1638 
.1616 
.1683 

Inch. 
.1281 
.1266 
.1268 

Inch, 
.1686 
.1644 
.1690 

Inch. 
.0876 
.0878 
.0372 

Inch. 
.0002 
.0001 
.0003 

10,000 

11,000 

a 
b 
c 

.1687 
.1645 
.1638 

.1261 
.1268 
.1256 

.1637 
.1643 
.1630 

.0876 
.0375 
.0875 

0. 
.0002 
.0008 

24,969,000 

25,000,000 

a 
b 
c 

.1633 
.1642 
.1648 

.1266 
.1261 
.1270 

.1632 
.1640 
.1647 

.0877 
.0379 
.0377 

.0001 
.0002 
.0001 

50,000 

0 

25,000,000 

a 

b 
c 

.1634 
.1643 
.1648 

.1213 
.1222 
.1228 

.1632 
.1640 
.1647 

.0419 
.0418 
.0419 

.0002 
.0008 
.0001 

10,000 

26,010,000 

a 
b 
c 

.1632 
.1642 
.1649 

.1211 
.1220 
.1227 

.1680 
.1640 
.1647 

.0419 
.0420 
.0420 

.0002 

.0002 
.0002 

90,000 

25,100,000 

a 
b 
c 

.1688 
.1640 
.1648 

.1210 
.1221 
.1226 

.1630 
.1640 
.1647 

.0420 
.0419 
.0421 

.0008 
0. 
.0001 

14,900,000 

40,000,000 

a 
b 
c 

.1682 
.1687 
.1649 

.1210 
.1217 
.1228 

.1629 
.1638 
.1647 

.0419 
.0421 
.0424 

.0UU8 

-.0001 

.0002 

56,000 

0 

40,000,000 

a 
b 
c 

.1680 
.1643 
.1649 

.1168 
.1176 
.1185 

.1627 
.1639 
.1648 

.0464 
.0463 
.0463 

.0003 
.0004 
.0001 

1,000 

40,001,000 

a 
b 
c 

.1632 
.1648 
.1660 

.1167 
.1179 
.1185 

.1627 
.1640 
.1647 

.0460 
.0461 
.0462 

.0006 

.0008 
.0003 

9,000 

40,010,000 

a 
b 
c- 

.1632 
.1643 
.1661 

.1162 
.1176 
.1184 

.1626 
.1640 
.16i7 

.0464 
.0464 
.0463 

.0006 
.0008 
.0004 

90,000 

40,100,000 

a 
b 
c 

.1688 
.1645 
.1663 

.1163 
.1177 
.1185 

.1625 
.1639 
.1647 

.0462 
.0462 
.0462 

.0008 
.0006 
.0006 

100,000 

40.200,000 

a 
b 
c 

.1629 
.1646 
.1653 

.1161 
.1174 
.1179 

.1624 
.1637 
.1645 

.0468 
.0463 
.0166 

.0005 
.0008 
.0006 

161,250 

40,361,260 

Bar  ruptured  ".80  south 
of  the  south  edge  of 
north  middle  bearing. 

Turned  down  from  bar  li"  diameter.     0.26  per  cent  carbon.     Har- 
dened. 
,  Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Lenffth  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  oi 
Successive. 

rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Total. 

On 
line. 

a 
b 

Un- 
load- 
ed. 

Inch. 
.1632 
.1637 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
45,000 

0 

0 

Inch. 
.1263 
.1267 

Inch. 
.1630 
.1635 

Inch. 
.0367 
.0368 

Inch. 
.0002 
.0002 

1,000 

1,000 

a 
b 

.1636 
.1633 

.1266 
.1265 

.1634 
.1630 

.0368 
.0365 

.0002 
.0008 

9,000 

10,000 

a 
b 

.1637 
.1630 

.1269 
.1263 

.1686 
.1632 

.0367 
.0369 

.0001 
-.0002 

90,000 

100,000 

a 
b 

.1638 
.1683 

.1265 
.1260 

.1635 
.1630 

.0370 
.0370 

.0003 
.0008 

14,900,000 

15,000,000 

a 
b 

.1635 
.1633 

.1266 
.1260 

.16a5 
.1631 

.0370 
.0371 

0. 
.0002 

50,000 

0 

15,000,000 

a 
b 

.1636 
.1632 

.1226 
.  1219 

.1635 
.1630 

.0409 
.0411 

.0001 
.0002 

1,0U0 

15,001,000 

a 
b 

.1637 
.1634 

.1224 
.  1218 

.1635 
.1630 

.0411 
.0412 

.0002 
.0004 

9,000 

15,010,000 

a 
b 

.1635 
.1632 

.1220 
.  1216 

.1632 
.1628 

.0412 
.0412 

.0003 
.0004 

1,861,000 

16,871,000 

Bar    ruptured    at    the 
south   ed^e  of  south 
middle  bearing. 

dndubaKoi  of  rotating  shafts. 
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No.  335. 

Marks,  7x2,  2. 

Turned  down  from  bar  li"  diameter, 
nealed  at  low  heat. 

Diameter,  1".     Speed  of  rotation,  500  per  minute 
Length  between  end  supports,  33". 
Loaded  over  4"  len^h  at  middle. 
Deflections  measured  on  chord  of  10". 


0.25  per  cent  carbon.     An* 


Maxi- 
mum 
fiber 
strew 
per 
Muare 
inch. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Hemarks. 

Succenive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Txmd- 
ed. 

Un- 
load- 
ed. 

Pounds. 
45,000 

50,000 

0 

1,000 

9,000 

90,000 

13,900,000 

0 

1,000 

9,000 

90,000 

1,851,830 

0 

1,000 

10.000 

100,000 

14,000,000 

14,000,000 

14,001,000 

14,010.000 

14,100,000 

15,451,890 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1687 
.1687 

.1640 
.1684 

.1641 
.1688 

.1644 
.1683 

.1644 
.1633 

.1644 
.1633 

.1645 
.1633 

.1644 
.1634 

.1648 
.1637 

Inch. 
.1267 
.1266 

.1270 
.1265 

.1270 
.1261 

.1268 
.1256 

.1267 
.1254 

.1224 
.1214 

.1223 
.1212 

.1223 
.1211 

.1220 
.1209 

Inch. 
.1636 
.1685 

.1640 
.1683 

.1640 
.1632 

.1641 
.1629 

.1640 
.1628 

.1640 
.1628 

.1688 
.1628 

.1638 
.1627 

.1637 
.1624 

Inch. 
.0869 
.0369 

.0370 
.0368 

.0370 
.0371 

.0378 
.0874 

.0378 
.0874 

.0416 
.0414 

.0415 
.0416 

.0415 
.0416 

.0417 
.0415 

Inch. 
.0001 

0. 
.0001 

.0001 
.0001 

.0008 
.0004 

.0004 
.0006 

.0004 
.0005 

.0007 
.0005 

.0006 
.0007 

.0011 
.0013 

Bar  ruptured  at  south 
edg^e  of  north  middle 
bearing. 

1 

816 


SNDtTHAirc^  O^  ftOTATlNG  SHAFTS. 
No.  337. 


Marks,  7x2,  6. 

Turned  down  from  bar  li"  diameter.     0.26  per  cent  carbon.     Oil 
tempered  and  annealed  at  low  heat. 
Diameter,  V.    Speed  of  rotation,  500  per  minute. 
Len^h  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
liber 
streflR 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Setfl. 

Remarkit. 

Huccearive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

ed. 

Un- 
load- 
ed. 

P&un<U 

46,000 

0 

0 

Inch. 
.1645 
.1642 

Inch. 
.1270 
.1268 

Inch. 
.1688 
.1636 

Inch. 
.0368 
.0868 

Inch. 
.0007 
.0006 

1,000 

1,000 

.1645 
.1642 

.1267 
.1262 

.1638 
.1636 

.0371 
.0873 

.0007 
.0007 

9,000 

10,000 

.1647 
.1643 

.1263 
.1262 

.1638 
.1634 

.0375 
.0372 

.0009 

.0009 

90,000 

100.000 

.1646 
.1646 

.1260 
.1288 

.1634 
.1634 

.0874 
.0876 

.0012 
.0011 

9,900,000 

10,000,000 

.1644 
.1640 

.1258 
.1254 

.1637 
.1633 

.0879 
.0879 

.0007 
.0007 

10,000 
0 

10,010.000 
10,010.000 

50,000 

.1648 
.1644 

.1216 
.1212 

.1635 
.1681 

.0420 
.0419 

.0013 
.0013 

90,000 

10,100,000 

.1660 
.1648 

.1216 
.1218 

.1636 
.1630 

.0419 
.0417 

.0015 
.0018 

8,665,660 

13,766,660 

Bar    raptured    at    the 
north  edge  of  south 
middle  bearing. 
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No.  338. 

Marks,  N3-C. 

0.17  per  cent  carbon;  3.25  per  cent  nickel.     Metal  in  natural  state 
the  ingot. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Len^h  between  end  supports,  33". 
Loaaed  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 

Number  of  rotations. 

Micrometer  readings 
for  deflections. 

1 

fiber 

stress 

per 

square 

inch. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 

line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
10.000 

0 

0 

Inch. 
.1648 
.1648 

Inch. 
.1558 
.1559 

Inch, 
.1648 
.1643 

Inch. 
.0085 
.0084 

Inch. 

0. 

0. 

1,000 

1,000 

.1644 
.1642 

.1559 
.1569 

.1648 
.1643 

.0084 
.0084 

.0001 
-.0001 

9,000 

10,000 

.1642 
.1648 

.1558 
.1558 

.1642 
.1642 

.0084 
.0084 

0. 
.0001 

15,000 

0 

10,000 

.1644 
.1648 

.1517 
.1518 

.1643 
.1648 

.0126 
.0125 

.0001 
0. 

11,000 

21,000 

.1643 
.1648 

.1518 
.1519 

.1648 
.1648 

.0125 
.0124 

0. 
0. 

20,000 

0 

21,000 

.1642 
.1640 

.1475 
.1475 

.1641 
.1640 

.0166 
.0165 

.0001 
0. 

11,000 

82,000 

.1642 
,1641 

.1475 
.1474 

.1641 
.1642 

.0166 
.0168 

.0001 
-.0001 

25,000 

0 

82.000 

.1648 
.1642 

.1438 
.1438 

.1642 
.1642 

.0209 
.0209 

.0001 
0. 

11,000 

48,000 

.1642 
.1642 

.1431 
.1432 

.1642 
.1642 

.0211 
.0210 

0. 
0. 

80,000 

0 

48,000 

.1646 
.1644 

.1892 
.1889 

.1641 
.1689 

.0249 
.0250 

.0005 
.0005 

1,000 

44.000 

.1645 
.1648 

.1891 
.1388 

.1642 
.1640 

.0251 
.0252 

.0008 
.0003 

10,000 

54,000 

a 
b 

.1644 
.1644 

.1889 
.1387 

.1640 
.1640 

.a251 
.0268 

.0004 
.0004 

185,060 

289,060 

Bar  ruptured  ".20  north 
of  the  north  edxe  of 
south    middle  bear- 
ing. 

- 
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No.  339. 


Marks,  7x2,  7. 

Turned  down  from  bar  li"  diameter.     0.26  per  cent  carbon.     Oil 
tempered  and  annealed  at  high  heat. 

Diameter,  1".     Speed  of  rotation,  600  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotation. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successiye. 

Total. 

On 
line. 

ed.       ^• 

Un- 
load- 
ed. 

Pounds. 
50,000 

0 

0 

a 
b 

Inch. 
.1626 
.1626 

Inch. 
.1216 
.1218 

Inch. 
.1624 
.1625 

Inch. 
.0408 
.0407 

Inch. 
.0002 
.0001 

1,000 

1.000 

a 
b 

.1623 
.1627 

.1216 
.1216 

.1622 
.1624 

.0407 
.0408 

.0001 
.0003 

9,000 

10,000 

a 
b 

.1624 
.1627 

.1213 
.1213 

.1623 
.1624 

.0410 
.04U 

.0001 
.0008 

125,000 

136,000 

a 
b 

.1626 
.1627 

.1212 
.  1214 

.1624 
.1625 

.0412 
.(Mil 

.0002 
.0002 

12,865,000 

13.000,000 

a 
b 

.1627 
.1629 

.1210 
.1213 

.  1623 
.1626 

.0413 
.0413 

.0004 
.0003 

65,000 

0 

13,000,000 

a 
b 

.1626 
.1629 

.1169 
.1174 

.1623 
.1627 

.0454 
.0463 

.0008 
.0002 

1,000 

13,001,000 

a 
b 

.1625 
.1628 

.1167 
.1173 

.1623 
.1626 

.0466 
.0453 

.0002 
.0002 

9,000 

13,010,000 

a 
b 

.1626 
.1629 

.1166 
.1170 

.  1621 
.1626 

.0466 
.0455 

.0004 
.0004 

90,000 

13,100,000 

a 
b 

.1622 
.1628 

.1166 
.1170 

.1618 
.1626 

.0453 
.0465 

.0004 
.0003 

100,000 

13,200,000 

a 
b 

.1625 
.1628 

.1164 
.1170 

.1620 
.1625 

.0456 
.0455 

.0005 
.0003 

563,610 

13,763,610 

Bar  ruptured  1"  north  of 
the  north  edee  of  north 
middle  bearing. 

END(JRAKG£   OF  BOTATIKG   SHAFTS. 
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No.  340. 
Marks,  7x2,  8. 

Turned  down  from  bar  li"  diameter.     0.25  per  cent  carbon.     Oil 
tempered  and  annealed  at  high  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxl- 
mum 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

fiber 

stress 

per 

square 

inch. 

De- 
flec- 
tions. 

Inch. 
.0413 
.0413 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

a 

b 

Un- 
load- 
ed. 

Inch. 
.1640 
.1640 

T-oad- 
ed. 

Inch. 
.1226 
.1224 

Un- 
load- 
ed. 

Pounds. 
60,000 

0 

0 

Inch. 
.1639 
.1637 

Inch. 
.0001 
.0003 

1,000 

1,000 

a 
b 

.1688 
.1638 

.1222 
.1224 

.1637 
.1635 

.0415 
.0411 

.0001 
.0003 

9,000 

10,000 

a 
b 

.1643 
.1639 

.1226  ;  .1640 
.1225  1  .1636 

.0414 
.0411 

.0006 
.0003 

113,000 

123,000 

a 
b 

.1645 
.1640 

.1226 
.1224 

.1642 
.1687 

.0416 
.0113 

.0008 
.0003 

15,878,980 

16,001,930 

a 
b 

.1641 
.1640 

.1227 
.1224 

.1641 
.1639 

.0414 
.0115 

0. 
.0001 

55.000 

0 

16,001,930 

a 
b 

.1645 
.1640 

.1187 
.1182 

.1643 
.1638 

.0156 
.0456 

.0002 
.0002 

11,000 

16,012,980 

a 
b 

.1642 
.1641 

.1183 
.1180 

.1643 
.1638 

.0460 
.0458 

-.0001 
.0003 

100.000 

16,112,930 

a 
b 

.1640 
.1640 

.1182 
.1182 

.1640 
.1638 

.0458 
.0156 

0. 
.0002 

2,887,070 

19,000,000 

a 
b 

.1640 
.1642 

.1186  1  .1643 
.1180     .1638 

.0468 
.0458 

-.0008 
.0004 

60,000 

0 

19,000,000 

a 
b 

.1646 
.1637 

.1145  1  .1640 
.  1140  1  .  1636 

.0495 
.0496 

.ooa5 

.0001 

1,000 

19.001,000 

a 
b 

.1640  1  .1145 

.  1640     .  U41 

1 

.1640 
.1638 

.0495 
.0497 

0. 

9,000 

19,010,000 

a 

b 

.1640 
.1639 

.1143 
.1140 

.1640 
.1638 

.0497 
.0498 

0. 
.0001 

90,000 

19,100,000 

a 
b 

.1648 
.1640 

.1140 
.1140 

.1640 
.1637 

.0600 
.0497 

.0003 
.0008 

13,865.120 

82,965,120 

Bar  ruptured  about  mid- 
way between  middle 
bearings. 
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EKDUBANGE   OF  BOTATING   SHAFTS. 

No.  341. 


Marks,  7x2,  4. 

Turned  down  from  bar  li"  diameter.     0.26  per  cent  carbon.     An- 
nealed at  high  heat. 
Diameter,  1".     Speed  of  rotation,  600  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
TnuiT* 
fiber 
stress 
per 
square 
Inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

IHmnda. 
60,000 

0 

1,000 

9.000 

95,000 

157,790 

0 

1,000 

10,000 

105,000 

262,790 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1656 
.1659 

.1660 
.1667 

.1662 
.1667 

.1661 
.1657 

Inch. 
.1211 
.1213 

.1198 
.1208 

.1210 
.1202 

.1202 
.1194 

Inch. 
.1621 
.1621 

.1614 
.1619 

.1628 
.1618 

.1620 
.1615 

Inch. 
.0410 
.0406 

.0416 
.0416 

.0418 
.0416 

.0418 
.0421 

Inch. 
.0086 
.0088 

.0046 
.0048 

.0080 
.0089 

.0041 
.0042 

Bar  ruptured  1*40  north 
of  toe  north  edge  of 
south  middle  bearing. 

No.  342. 

Marks.  7X2,  10. 

Turned  down  from  bar  li"  diameter.     0.26    per    cent   carbon. 
Hardened. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Seta. 

Remarks. 

Successive. 

Total. 

On 
Une. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

I^mnda. 
50,000 

0 

1,000 

9,000 

110,000 

2,«B;,950 

0 

1,000 

10.030 

120,000 

2.952,960 

a 
b 

a 
b 

a 
b 

a 

b 

Inch. 
.1684 
.1629 

.1683 
.1628 

.1682 
.1628 

.1681 
.1629 

Inch. 
.1216 
.1224 

.1214 
.1210 

.1216 
.1210 

.1216 
.1222 

Inch. 
.1684 
.1628 

.1683 
.1628 

.1688 
.1627 

.1632 
.1628 

Inch. 
.0418 
.0404 

.0419 
.0418 

.0418 
.0417 

.0417 
.0406 

Inch. 
0. 
.0001 

0. 
0. 

-.0001 
.0001 

-.0001 
.0001 

Bar  ruptured  ^.80  south 
of  the  south  edge  of 
north  middle  besting. 

ENDUBANCE   OF  BOTATING  SHAFTS. 

No.  848. 

Marks,  C  8-B. 

0.20  per  cent  carbon.    Heated  low  cherry  and  quenched  in  oil. 

Diameter,  1".    Speed  of  rotation,  500  per  minute. 

Len^  between  end  supports,  38". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 
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Maxi- 
miuD 

Number  of  rotatlonB. 

Micrometer  readiogs  for 
deflections. 

fiber 

stran 

per 

square 

inch. 

■ 

De- 
flec- 
tions. 

Sets. 

Remarks. 

SuoceoiTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

nn- 

load- 
ed. 

PoundB. 
20,000 

0 

0 

Inch. 
.1680 
.1648 

Inch, 
.1469 
.1480 

Inch, 
.1680 
.1648 

Inch, 
.0161 
.0168 

Inch, 

0. 

0. 

1,000 

1,000 

.1688 
.1641 

.1470 
.1481 

.1682 
.1642 

.0162 
.0161 

.0001 
—.0001 

9,000 

10,000 

.1682 
.1642 

.1470 
.1481 

.1682 
.1642 

.0162 
.0161 

0. 
0. 

25,000 

0 

10,000 

.1688 
.1642 

.1482 
.1440 

.1682 
.1640 

.0200 
.0200 

.0001 
.0002 

1,000 

U.O0O 

.1682 
.1642 

.1482 
.1488 

.1688 
.1641 

.0201 
.0208 

-.0001 
.0001 

9,000 

20,000 

.1682 
.1642 

.1429 
.1440 

.1682 
.1640 

.0208 
.0200 

0. 
.0002 

80,000 

0 

20,000 

.1684 
.1642 

.1898 
.1898 

.1688 
.1640 

.0240 
.0242 

.0001 
.0002 

1,000 

21,000 

.1684 
.1641 

.1890 
.1896 

.1682 
.1640 

.0242 
.0242 

.0002 
.0001 

9,000 

90,000 

.1682 
.1642 

.1888 
.1897 

.1681 
.1640 

.0248 
.0248 

.0001 
.0002 

80,000 

110,000 

.1685 
.1648 

.1888 
.1897 

.1681 
.1640 

.0248 
.0248 

.0004 

.0008 

4,020,000 

4,180,000 

.1685 
.1648 

.1888 
.1897 

.1681 
.1640 

.0248 
.0243 

.0004 
.0008 

1,000,000 

5,180,000 

.1684 
.1648 

.1890 
.1898 

.1682 
.1640 

.0242 
.0242 

.0002 
.0008 

• 

1.000,000 

6,180,000 

.1685 
.1644 

.1888 
.1897 

.1680 
.1640 

.0242 
.0248 

.0005 

.0004 

87,000 

7,000,000 

.1683 
.1648 

.1889 
.1898 

.1680 
.1640 

.0241 
.0242 

.0006 
.0006 

86,000 

0 

7,000,000 

.1685 
.1644 

.1847 
.1855 

.1680 
.1689 

.0288 
.0284 

.0005 
.0005 

1,000 

7,001,000 

.1687 
.1645 

.1846 
.1856 

.1680 
.1688 

.0284 
.0288 

.0007 
.0007 

9,000 

7,010,000 

.1686 
.1646 

.1845 
.1855 

.1628 
.1688 

.0288 
.0288 

.0008 
.0006 

240,000 

7,280,000 

.1640 
.1660 

.1842 
.1849 

.1625 
.1685 

.0288 
.0286 

.0015 
.0015 

487,990 

7.7»7,990 

Bar  mptuied  1"  south 
of  the  south  edge  of 
north  middle  beulng. 
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No.  344. 

Steel  rail  head  No.  40. 

Cammell  toughened  steel,  1872. 

Diameter,  1".     Speed  of  rotation,  500  per  minatei. 

Length  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 


Maxl- 

Number  of  rotatioziB. 

Micrometer  readings 
for  deflections. 

fiber 
BtreBB 
per 
square 
Inch. 

De- 
flec- 
tions. 

Sets. 

Bemar' 

SuccesBlve. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

PotLnds. 
80,000 

10.000 

10,000 

a 
b 

Inch. 
.1628 
.1646 

Inch. 
.1886 
.1402 

Inch. 
.1626 
.1645 

Inch. 
.0240 
.0243 

Inch. 
.0002 
.0001 

85,000 

0 

10.000 

a 
b 

.1628 
.1645 

.1344 
.1860 

.1626 
.1644 

.0281 
.0284 

.0008 
.0001 

1,000" 

11,000 

a 
b 

.1627 
.1648 

.1340 
.1362 

.1622 
.1644 

.0282 
.0282 

.0006 
,0004 

9,000 

20,000 

a 
b 

.1627 
.1661 

.1840 
.1362 

.1622 
.1646 

.0282 
.0284 

.0005 
.0005 

80,000 

100,000 

a 
b 

.1628 
.1649 

.1340 
.1364 

.1622 
.1648 

.0282 
.0284 

.0001 
.0001 

100,000 

200,000 

a 
b 

.1627 
.1647 

.1844 
.1862 

.1626 
.1646 

.0282 
.0283 

.0001 
.0002 

40,000 

0 

200,000 

a 
b 

.1628 
.1647 

.1305 
.1326 

.1626 
.1645 

.0320 
.0820 

.0008 

.0002 

1,000 

201,000 

a 
b 

.1626 
.1647 

.1803 
.1820 

.1623 
.1646 

.0820 
.0325 

.0008 

.0002 

9,000 

210,000 

a 
b 

.1628 
.1648 

.1302 
.1320 

.1624 
.1648 

.0822 
.0828 

.0004 
.0005 

90,000 

800,000 

a 
b 

.1638 
.1640 

.1807 
.1316 

.1628 
.1637 

.0321 
.0322 

.0006 
.0008 

3,368,620 

8,668,620 

Bar  ruptured  l".4Da(Xith 
of  the  south  edffe  of 
north    middle    bear- 
ing. 

BNDURAKOE   OF   BOTATINO   SHAFTS. 

No.  846. 

Steel  rail  head  No.  41. 

Cammell  toughened  steel,  1873. 

Diameter,  1''.    Speed  of  rotation,  500  per  minate. 

Len^h  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measur^  on  chord  of  10". 
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Maxi- 

mum 
fiber 
fltren 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

SnccesBlTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pmmdt. 
40,000 

0 

10,000 

90,000 

586,480 

0 
10,000 
100,000 
686,480 

a 
b 

a 
b 

a 
b 

Inch. 
.1668 
.1634 

.1678 
.1610 

.1679 
.1606 

Inch. 
.1829 
.1298 

.1840 
.1280 

.1848 
.1278 

Inch. 
.1662 
.1614 

.1666 
.1602 

.1678 
.1600 

Inch. 
.0628 
.0821 

.0625 
.0822 

.0625 
.0822 

Inch, 
.0001 
.0010 

.0006 
.0006 

.0006 
.0006 

Bar  ruptured  at  north 
edge  of  north  middle 
bearing. 

Barrow  steel,  1873. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Len^h  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measure!  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

SeU. 

Remarks. 

Successive. 

Total. 

On 
Une. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
40,000 

0 

0 

a 
b 

Inch. 
.1649 
.1622 

Inch. 
.1826 
.1800 

Inch. 
.1648 
.1621 

Inch. 
.0822 
.0821 

Inch. 
.0001 
.0001 

1,000 

1,000 

a 
b 

.1660 
.1623 

.1326 
.1302 

.1648 
.1623 

.0322 
.0321 

.0002 
0. 

9,000 

10,000 

a 

b 

.1648 
.1628 

.1820 
.1800 

.1646 
.1621 

.0826 
.0821 

.0002 
.0002 

90,000 

100,000 

a 
b 

.1648 
.1624 

.1822 
.1300 

.1647 
.1628 

.0825 
.0328 

.0001 
.0001 

82,900,000 

88,000,000 

a 
b 

.1649 
.1626 

.1824 
.1300 

.1660 
.1625 

.0626 

-.0001 
0. 

46,000 

0 

88.000,000 

a 
b 

.1660 
.1627 

.1287 
.1268 

.1650 
.1625 

.0868 
.0862 

0. 
.0002 

1,000 

88,001,000 

a 
b 

.1650 
.1627 

.1286 
.1262 

.1649 
.1625 

.0364 
.0363 

.0001 
.0002 

9,000 

83,010,000 

a 
b 

.1647 
.1625 

.1288 
.1260 

.1648 
.1624 

.0866 
.0364 

-.0001 
+.0001 

90,000 

83,100,000 

a 
b 

.1649 
.1625 

.1284 
.1260 

.1649 
.1624 

.0366 
.0864 

0. 
.0001 

7,140,000 

40,240,000 

a 
b 

.1668 
.1589 

.1189 
.1164 

.1552 
.1528 

.0868 
.0364 

.0001 
.0011 

50,000 

0 

40,240,000 

a 
b 

.1565 
.1680 

.1147 
.1124 

.1652 
.1528 

.0405 
.0404 

.0008 
.0002 

1,000 

40.241,000 

a 
b 

.1558 
.1528 

.1149 
.1123 

.1652 
.1528 

.0408 
.0405 

.0001 
0. 

10,000 

40,251,000 

a 
b 

.1563 
.1628 

.1145 
.1117 

.1551 
.1526 

.0406 
.0406 

.0002 
.0008 

100,000 

40,851,000 

a 
b 

.1556 
.1628 

.1145 
.1117 

.1662 
.1625 

.0407 
.0408 

.0008 

.0008 

2,176,670 

42,527,670 

Bar  ruptured  in  the  south 
middle  bearing. 

BNDUBANOE   OF   BOTATING   SHAFTS. 

No.  347. 

steel  rail  head  No.  47. 

John  Brown  &  Co.,  Sheffield  Atlas  steel. 

Diameter,  1".    Speed  of  rotation,  500  per  minute. 

Length  between  end  supports,  83". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 
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MaxI- 
mum 
fiber 
stress 
per 
square 
Inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Bets. 

Remarks. 

SuccessiTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pou^uU. 
40.000 

0 

1,000 

9,000 

90,000 

8,149,000 

0 

1,000 

10.000 

100,000 

8,249,000 

a 
b 

a 
b 

a 
b 

a 
b 

Inch, 
.1820 
.1685 

.1620 
.1686 

.1620 
.1687 

.1619 
.1686 

Inch, 
.1800 
.1817 

.1297 
.1818 

.1298 
.1816 

.1299 

.1818 

Inch, 
.1618 
.1685 

.1618 
.1684 

.1618 
.1685 

.1618 
.1685 

Inch, 
.0818 
.0818 

.0821 
.0821 

.0820 
.0819 

.0819 
.0622 

Inch, 
.0002 
0. 

.0002 
.0002 

.0002 
.0002 

.0001 
0. 

Bar  ruptured  '^.65  north 
of  the  north  edge  of 
south  middle  bearing. 

No.  348. 

Steel  rail  head  No.  49. 

Petim  Graudet. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Len^h  between  end  supports,  38". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
flber 
stre«! 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

sets. 

Remarks. 

Successive. 

ToUl. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
40,000 

0 

1,000 

2.600 

96,400 

718,880 

0 

1,000 

8.600 

100,000 

818,880 

a 
b 

a 

b 

a 
b 

a 
b 

Inch. 
.1687 
.1680 

.1687 
.1688 

.1684 
.1640 

.1623 
.1644 

Inch, 
.1818 
.1806 

.1805 
.1806 

.1805 
.1310 

.1295 
.1818 

Inch. 
.1686 
.1680 

.1627 
.1629 

.1628 
.1685 

.1628 
.1642 

Inch, 
.0823 
.0822 

.0822 
.0823 

.0328 
.0825 

.0828 
.0629 

Inch. 
.0001 
0. 

.0010 
.0009 

.0006 
.0005 

0. 
.0002 

Bar  ruptured  1*  north 
of  the  north  edge  of 
south  middle  bearing. 
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No.  349. 

Steel  rail  head  No.  51. 

Landore  Siemens  steel,  11.73. 

Diameter,  1".     Speed  of  rotation,  600  per  minute. 

Len^h  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotatioufi. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Tioad- 
ed. 

Un- 
load- 
ed. 

Pounds. 
40,000 

0 

1,000 

9,000 

90,000 

424,700 

0 

1,000 

10,000 

100,000 

524,700 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1630 
.1665 

.1626 
.1678 

.1594 
.1677 

.1624 
.1677 

Tneh, 
.1287 
.1S22 

.1278 
.1322 

.1268 
.1822 

.1268 
.1318 

Inch. 
.1606 
.1646 

.1599 
.1648 

.1598 
.1649 

.1594 
.1647 

Inch. 
.0819 
.0828 

.0826 
.0326 

.0625 
.0827 

.0826 
.0329 

Inch. 
.0024 
.0020 

.0027 
.0025 

.0001 
.0028 

.0090 
.0080 

Bar  ruptured  2"  north 
of  the  north  edge  of 
north  middle  beiiring. 

No.  350. 

Marks,  C  5-A. 

0.20  per  cent  carbon.     Heated  white  hot  and  quenched  in  brine. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Lenffth  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
Uons. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
40.000 

0 

1,000 

9,000 

90,000 

463,910 

0 

1,000 

10,000 

100,000 

563,910 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1680 
.1628 

.1627 
.1630 

.1627 
.1680 

.1626 
.1680 

Inch. 
.1810 
.1807 

.1806 
.1808 

.1305 
.1308 

.1802 
.1305 

Inch, 
.1628 
.1627 

.1627 
.1630 

.1627 
.1630 

.1626 
.1629 

Inch. 
.0818 
.0320 

.0821 
.0322 

.0822 
.0322 

.0824 
.0324 

Inch. 
.0002 
.0001 

0. 
0. 

0. 
0. 

0. 
.0001 

Bar  ruptured  l."80north 
of  the  north  edge  of 
north  middle  bearing. 

ENDOBANOS   OF   BOTATINO   SHAFTS. 

No.  861. 

Steel  rail  head  No.  52. 

Wilson  Cammell  Dowlais  steel,  10.70  guaranteed. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Length  between  end  supports,  83''. 

Loaded  over  4"  length  at  middle. 

Deflections  measur^  on  chord  of  10''. 
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Maxi- 

fiber 

stress 

per 

Batiare 

inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Bets. 

Kemarks. 

Sucoessiye. 

Total. 

On 

line. 

Un- 
load- 
ed. 

1  goad- 
ed. 

Un- 
load- 
ed. 

40,000 

0 

1,000 

9,000 

90,000 

2,807,810 

0 

1,000 

10,000 

100,000 

2,907,810 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1650 
.1644 

.1647 
.1648 

.1632 
.1660 

.1637 
.1669 

Inch. 
.1319 
.1314 

.1312 
.1317 

.1305 
.1328 

.1807 
.1327 

Inch. 
.1648 
.1648 

.1641 
.1644 

.1682 
.1658 

.1635 
.1657 

Inch. 
.0329 
.0239 

.0829 
.0827 

.0827 
.0630 

.0328 
.0830 

Inch. 
.0002 
.0001 

.0006 
.0004 

0. 
.0002 

.0002 
.0002 

Bar  mptared  'MO  north 
of  the  north  edge  of 
aoath  middle  bearing, 
or  between  the  middle 
bearings,  at  a  point 
".126  from  the  circum- 
ference of  the  bar,  and 
at  about  right  angles 
withthetopoftherall. 

2JIXaL  X%.Om   \J  *j—±3* 


0.20  per  cent  carbon.    Heated  bright  yellow  and  quenched  in  oil. 
Diameter,  1".     Speed  of  rotation,  600  per  minute. 
Length  between  end  supports,  33''. 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 

fiber 
stress 

per 
square 
mch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

SucoesBiTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

T/)Ad- 
ed. 

Un- 
load- 
ed. 

Powiidt. 
40,000 

0 
1,000 
9,000 
90,000 
18,960 

0 

1,000 

10,000 

100,000 

118,980 

a 
b 

a 
b 

a 
b 

a 
b 

Inch, 
.1682 
.1589 

.1630 
.1641 

.1626 
.1644 

.1638 
.1650 

Inch, 
.1812 
.1318 

.1808 
.1817 

.1314 
.1316 

.1293 
.1807 

Inch. 
.1682 
.1686 

.1629 
.1637 

.1627 
.1636 

.1622 
.1636 

Inch, 
.0820 
.0622 

.0321 
.0320 

0318 
.0321 

.0329 
.0828 

Inch, 
0. 
.0004 

.0001 
.0004 

-.0001 
.0008 

.0011 
.0016 

Bar  ruptured  ^.60  south 
of  the  south  edge  of 
north  middle  beailnff, 
or  between  the  middle 
bearings. 

No.  353. 

Marks,  C  5-0. 

0.20  per  cent  carbon.     Heated  bright  yellow,  quenched  in  oil,  and 
annealed  at  1,000^  F. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Len^h  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
flber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Lo«d- 
ed. 

Un- 
load- 
ed. 

Pounds, 
40,000 

0 

1,000 

9,000 

78,480 

0 

1,000 

10,000 

83,480 

a 
b 

a 
b 

a 
b 

Inch. 
.1636 
.1687 

.1669 
.1618 

.1676 
.1618 

Inch. 
.1816 
.1293 

.1328 
.1289 

.1327 
.1271 

Inch. 
.1636 
.1610 

.1660 
.1609 

.1662 
.1696 

Inch. 
.0320 
.0317 

.0320 

.0324 

Inch, 
0. 
.0027 

.0009 
.0009 

.0024 
.0028 

Bar  ruptured  at  south 
edge  of  north  middle 
bearing. 

t 


ENDUEANCK   OF   ROTATINa   SHAFTS.  829 

No.  854. 

Marks,  C  5-D. 

0.20  per  cent  carbon.     Heated  bright  yellow  and  cooled  in  sand. 

Diameter,  1".     Speed  of  rotation,  600  per  minute. 

Len^fth  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10''. 


Maxi- 
mum 
fiber 
Btreas 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflectiona. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Sucoessiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Powidt, 
40,000 

0 
1,000 
7.820 

0 
1,000 
8.820 

a 
b 

a 

b 

Inch. 
.1829 
.1648 

.1279 
.2258 

Inch, 
.1270 
.1266 

.0917 
.1280 

Inch. 
.1820 
.1006 

.1257 
.1827 

Inch. 
.0850 
.0848 

.0840 
.0847 

Inch. 
.0009 

.0040 

.0022 
.0081 

Bar  ruptured  at  south 
edge  of  north  middle 
bearing. 

No.  355. 

Marks,  N  6-A. 

0.17  per  cent  carbon;  3.25  per  cent  nickel.     Heated  white  hot  and 
quenched  in  brine. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Len^h  between  end  supports,  33''. 
Loaded  over  4''  length  at  middle. 
Deflections  measure  on  chord  of  10-'. 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds, 
40,000 

0 

1,000 

9,000 

80,880 

0 

1,000 

10,000 

40,880 

a 
b 

a 
b 

a 
b 

Inch. 
.1881 
.1628 

.1680 
.1628 

.1632 
.1625 

Inch. 
.1292 
.1290 

.1292 
.1290 

.1290 
.1278 

Inch. 
.1680 
.1627 

.1680 
.1627 

.1680 
.1625 

Inch. 
.0688 
.0887 

.0838 
.0837 

.0840 
.0847 

Inch. 
.0001 
.0001 

0. 
.0001 

.0002 

Bar  ruptured  at  the 
south  edge  of  south 
middle  bearing,  at  a 
smooth  spot  ."20x.'a5 
at   circumference   of 
bar.    Defective  speci- 
men. 
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No.  356. 

Marks,  N  5-B. 

0.17  per  cent  carbon;  3.25  per  cent  nickel.     Heated  bright  yellow 
and  quenched  in  oil. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 

fiber 

StreaB 

per 

square 

inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 

flec- 
tions. 

Sets. 

Bemarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed, 

Un- 
load- 
ed. 

Pmtnds. 
40,000 

0 

1,000 

9,000 

88,490 

0 
1,000 
10,000 
08,480 

a 
b 

a 
b 

a 
b 

Inch, 
.1686 
.1664 

.1620 
.1617 

.1620 
.1616 

Inch, 
.1260 
.1818 

.1285 
.1812 

.1288 
.1810 

Inch. 
.1592 
.1647 

.1618 
.1615 

.1619 
.1645 

Inch. 
.0882 
.0829 

.0888 
.0888 

.0886 
.0685 

Inch. 
.0048 
.0017 

.0002 
.0002 

.0001 
.0001 

Bar  ruptured  ".76  north 
of  the  "north  edge  of 
south  middle  bearing, 
at  three  smooth  spots. 
Defectiye  specimen. 

No.  867. 

Marks,  N  6-C. 

0.17  per  cent  carbon;  3.25  per  cent  nickel.     Heated  bright  yellow, 
quenched  in  oil,  and  annealed  at  1,000^  F. 
Diameter,  1".     Speed  of  rotation,  600  per  minute. 
Length  between  end  supports,  33". 
Loaaed  over  4"  length  at  middle. 
Deflections  measurSl  on  chord  of  10". 


Maxi- 

™ber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarlfw, 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pound*. 
40,000 

0 
1,000 
9,000 
9,960 

0 
1,000 
10,000 
19,960 

'  a 
b 

a 
b 

a 
b 

Inch. 
.1685 
.1649 

.1612 
.1658 

.1610 
.1664 

Iw^ 
.1290 
.1806 

.1277 
.1814 

.1268 
.1814 

Inch. 
.1620 
.1644 

.1612 
.1668 

.1605 
.1655 

Inch. 
.0680 
.0886 

.0886 
.0889 

.0842 
.0841 

Inch. 
.0015 
.0005 

0. 
.0005 

.0005 
.0009 

Bar  ruptured  ".90  north 
of  the  north  edge  of 
north  middle  bearing, 
at    a    smooth    spot 
«'.75x''.80.   Defective 
specimen. 

ENDURANCE   OF  BOTATING   SHAFTS. 

No.  358. 
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Marks,  N  6-D. 

O.lTper  cent  carbon;  3.25  percent  nickel.     Heated  bright  yellow 
and  cooled  in  sand. 
Diameter,  1".    Speed  of  rotation,  500  per  minute. 
Len^h  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  lO''. 


Maxi- 
mum 
fiber 
8tre§B 
per 
iquare 
inch. 

Number  of  rotatioiis. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Succeasiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

FtmndL 
40,000 

.    0 

1,000 

9,000 

83,110 

0 

1,000 

10,000 

48,110 

a 
b 

a 
b 

a 
b 

Inch. 
.1646 
.1648 

.1688 
.1660 

.1635 
.1660 

Inch. 
.1810 
.1812 

.1298 
.1306 

.1296 
.1808 

Inch, 
.1642 
.1648 

.1628 
.1686 

.1629 
.1686 

Inch. 
.0882 
.0381 

.0880 
.0881 

.0688 
.0338 

JneA. 
.0003 
.0005 

.0005 

.0024 

.0006 

.0024 

Bar  ruptured  1".60  north 
of  the  north  edge  of 
south  middle  bearing, 
at  a  smooth  root  ".25  x 
''.lO  at  the  circumfer- 
ence of  the  bar. 

No.  369. 
Marks,  C  8-C. 

0.20  per  cent  carbon.    Heated  bright  red  and  quenched  in  oil. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Len^h  between  end  supports,  33". 
Loaded  over  4''  length  at  middle. 
Deflections  measur^  on  chord  of  lO''. 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Bemarks. 

SuocesdTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

PoundB. 
40,000 

0 
1,000 
9,000 
90,000 
8,860 

0 

1,000 

10,000 

100,000 

106,860 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1689 
.1648 

.1680 
.1647 

.1620 
.1655 

.1649 
.1660 

Inch. 
.1814 
.1816 

.1807 
.1820 

.1298 
.1818 

.1280 
.1290 

Inch. 
.1685 
.1688 

.1680 
.1640 

.1619 
.1689 

.1610 
.1627 

Inch. 
.0321 
.0822 

.0828 
.0820 

.0826 
.0826 

.0890 
.0837 

Inch. 
.0004 
.0005 

0. 
.0007 

.0001 
.0016 

.0089 
.0088 

Bar  ruptured  7f  north 
of  the  north  edge  of 
north  middle  bearing, 
at  a  blowhole  ^J5  di- 
ameter near  the  dr- 
cumierenoe  of  bar. 

0.17  per  cent  carbon;  3.26  per  cent  nickel.     Heated  low  cherry  and 
quenched  in  oil.  - 
Diameter,  1".    Speed  of  rotation,  600  per  minute. 
Length  between  end  supports,  33''. 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 

BtTOBB 

per 
square 
Inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

SuocessiTe. 

ToUl. 

On 

line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

40,000 

0 
1,000 
9,000 
2,900 

0 

1,000 

10.000 

22,900 

a 
b 

a 
b 

a 
b 

Inch. 
.Id88 
.1666 

.1640 
.1648 

.1637 
.1649 

Inch. 
.1287 
.1814 

.1802 
.1810 

.1800 
.1810 

Inch. 
.1620 
.1647 

.1687 
.1646 

.1686 
.1646 

Inch. 
.0888 
.0888 

.0886 
.0686 

.0886 
.0886 

Inch. 
.0018 
.0018 

.0008 

.0008 

.0001 
.0004 

Bar  ruptored  6".76  south 
of  the  south  edge  of 
south  middle  beuinff, 
at  a  series  of  smooth 
spots  or  streaks  run- 
ning across  the  bar. 
Defective  specimen. 

No.  361. 
Steel  rail  No.  66. 
28  P.  S.  Co.     86. 

Diameter,  1".     Speed  of  rotation,  600  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pound*. 
40,000 

0 

1,000 

9,000 

90,000 

8,668,860 

0 

1,000 

10.000 

100.000 

8.768,860 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1686 
.1686 

.1636 
.1636 

.1636 
.1686 

.1686 
.1686 

Inch. 
.1809 
.1816 

.1809 
.1314 

.1307 
.1306 

.1806 
.1304 

Inch. 
.1634 
.1686 

.1636 
.1634 

.1636 
.1633 

.1684 
.1681 

Inch. 
.0326 
.0320 

.0326 
.0320 

.0328 
.0827 

.0329 
.0327 

Inch. 
.0001 
0. 

0. 
.0002 

.0001- 
.0008 

.0001 
.0004 

Bar  ruptured  in  south 
middle     bearing, 
about  the  middle  of 
the  bearing. 

ENDURANCE   OF   BOTATING   SHAFTS. 

No.  362. 

Steel  rail  No.  60. 

CammeU  Sheffield  toughened  steel,  1878. 

Diameter,  1".     Speed  of  rotation,  600  per  minute. 

Length  between  end  supports,  88". 

Lfoaded  over  4"  length  at  middle. 

Deflections  measur^  on  chord  of  10". 
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Maxi- 
mum 
fiber 
BtresB 
per 
square 
Tnch. 

Number  of  rotations. 

deflections. 

De- 
flec- 
tions. 

Sets. 

Ttomi^rlrii, 

SuccesBive. 

Total. 

On 

line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
40,000 

0 

1,000 

9,000 

90,000 

8.724.840 

0 

1,000 

10,000 

100,000 

8,824,840 

a 

b 

a 
b 

a 
b 

a 
b 

Inch, 
.1680 
.1644 

.1615 
.1646 

.1628 
.1649 

.1626 
.1668 

Inch, 
.1808 
.1824 

.1293 
.1825 

.1297 
.1825 

.1296 
.1826 

Inch. 
.1628 
.1642 

.1614 
.1646 

.1620 
.1647 

.1620 
.1648 

Inch. 
.0620 
.0B18 

.0821 
.0321 

.0328 
.0822 

.0624 
.0822 

Inch. 
.0002 
.0002 

.0001 
0. 

.0006 
.0002 

.0006 
.0006 

Bar  ruptured  in  the  north 
middle  bearing. 

No.  868. 

Steel  rail  No.  62. 

Landore  Siemens.     2-72. 

Diameter  1".    Speed  of  rotation,  500  per  minute. 

Len^h  between  end  supports,  88". 

Loaded  over  4"  length  at  middle. 

Deflections  measurra  on  chord  of  10". 


MaTl- 

flber 

stress 

per 

square 

inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

tions. 

Sets. 

Remarks. 

BuccesBiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

P&undB. 
40.000 

0 
1,000 
9,000 

41.100 

0 
1,000 
10,000 

61.100 

a 
b 

a 
b 

a 
b 

Inch. 
.1689 
.1607 

.1667 
.1747 

.1605 
.1684 

Inch. 
.1298 
.1800 

.1188 
.1262 

.1290 
.1200 

Inch. 
.1618 
.1621 

.1518 
.1588 

.1608 
.1626 

Inch. 
.0820 
.0621 

.0885 
.0686 

.0818 
.0826 

Inch. 
.0026 
.0086 

.0069 
.0069 

.0108 

Barnmhot  Streamof 
water  played  on  it 
after  the  first  11.000 

Bar  ruptured  ".TOnorth 
of  the  north  edce  of 

Jug. 

Landore  Siemens  2-72. 

Diameter,  l'\    Speed  of  rotation,  500  per  minute. 

Length  between  end  supports,  33". 

Lfoaaed  over  4"  length  at  middle. 

Deflections  measure  on  chord  of  10". 


MaTi- 
mum 
fiber 
BtresB 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Bets. 

Remarks. 

SuccesBiTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

T^iad- 
ed. 

Un- 
load- 
ed. 

Poundi. 
40,000 

0 

1.000 

61,240 

0 

1,000 

02,240 

a 
b 

a 
b 

Inch. 
.1681 
.1674 

.1749 
.1666 

Inch. 
.1269 
.1802 

.1228 
.1205 

Inch. 
.1894 
.1628 

.1569 
.1545 

Inch. 
.0625 
.0826 

.0886 
.0840 

Inch. 
.0087 
.0046 

.0190 
.0120 

Bar  run  hot  Stream  of 
water  played  on  it  af- 
ter flrBi7,000rotations. 

Bar  ruptured  at  the 
north  edge  of  south 
middle  bearing. 

Eli  DURANCE   OF   BOTATING   SHAFTS. 
No.  365. 


885 


Marks  7x3, 1. 

Turned  down  from  bar  li"  diameter.     0.29  per  cent  carbon.    An- 
nealed at  low  heat. 
Diameter  1''.     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaaed  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 

Number  of  rotations. 

Micrometer  readings  for 
deflectionB. 

fiber 

BtreflB 

per 

iquare 

inch. 

De- 
flec- 
tions. 

Bets. 

Remarks. 

SoccesBiYe. 

Total. 

On 

line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

F&undt. 
60,000 

0 

0 

Inch, 
.1642 
.1640 

Jndi, 
.1210 
.1218 

Inch. 
.1640 
.1688 

Inch, 
.0480 
.0425 

.0002 
.0008 

1,000 

1.000 

.1640 
.1640 

.1218 
.1210 

.1640 
.1688 

.0427 
.0428 

0. 
.0002 

9,000 

10,000 

.1640 
.1640 

.1212 
.1218 

.1640 
.1688 

.0428 
.0425 

0. 
.0002 

116,000 

125.000 

.1640 
.1640 

.1218 
.1217 

.1640 
.1640 

.0427 
.0428 

0. 
0. 

20,876,000 

21,000,000 

.1648 
.1642 

.1211 
.1218 

.1642 
.1640 

.0481 
.0427 

.0001 
.0002 

6^000 

0 

21,000,000 

.1642 
.1641 

.1172 
.1176 

.1642 
.1640 

.0470 
.0465 

a 

.0001 

1,000 

21,001,000 

.1648 
.1642 

.1178 
.1176 

.1642 
.1640 

.0409 
.0465 

.0001 
.0002 

9,000 

21,010,000 

.1648 
.1641 

.1177 
.1176 

.1642 
.1640 

.0465 
.0465 

.0001 
.0001 

90,000 

21,100,000 

.1642 
.1641 

.1174 
.1175 

.1642 
.1640 

.0468 
.0465 

0. 
.0001 

6,900,000 

27,000,000 

.1644 
.1640 

.1178 
.1170 

.1640 
.1640 

.0407 
.0470 

.0004 
0. 

00,000 

0 

27,000,000 

.1648 
.1641 

.1186 
.1140 

.1640 
.1689 

.0606 
.0499 

.0008 

.0002 

1,000 

27,001,000 

.1643 
.1689 

.1185 
.1188 

.1642 
.1640 

.0607 
.0602 

-t-.OOOl 
-.0001 

9,000 

27,010,000 

.1642 
.1640 

.1140 
.1140 

.1648 
.1640 

.0606 
.0600 

-.0001 

a 

107.810 

27,U7,«10 

.1642 
.1642 

.1187 
.1187 

.1641 
.1640 

.0604 
.0606 

.0001 
.0002 

862,840 

27,970,460 

Bar    raptured  in   the 
soath  middle  bearing. 
The  soath  end  bearing 
was  rednced  to  ''M 
diameter  from  wear. 

55t) 


ENDU&ANCE    OF   ROTATING    SHAFTS. 

No.  366. 


Marks,  7x3,  2. 

Turned  down  from  bar  li"  diameter, 
nealed  at  low  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Len^h  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measurra  on  chord  of  10". 


0.29  per  cent  carbon.    An- 


Maxi- 
mum 
fiber 
BtresB 
per 
fiquare 
inch. 

Number  of  rotationB. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

SuccesslTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
50,000 

0 

0 

a 
b 

Inch. 

Inch. 
.1226 
.1225 

Inch. 
.1645 
.1648 

Inch. 
.0419 
.0418 

Inch. 
.0001 
.0001 

1,000 

1,000 

g 

.1645 
.1648 

.1221 
.1219 

.1643 
.1648 

.0422 
.0424 

.0002 
0. 

9,000 

10,000 

a 
b 

.1645 
.1644 

.1220 
.1220 

.1644 
.1643 

.0424 
.0428 

.0001 
.0001 

91,000 

101,000 

5 

.1645 
.1644 

.1220 
.1218 

.1645 
.1643 

.0425 
.0425 

0. 
.0001 

20,899,000 

21,000,000 

g 

.1646 
.1644 

.1217 
.1217 

.1645 
.1648 

.0428 
.0426 

.0001 
.0001 

65,000 

0 

21,000,000 

a 
b 

.1647 
.1645 

.1179 
.1177 

.1645 
.1646 

.0466 
.0468 

.0002 
0. 

1,000 

21,001,000 

a 
b 

.1646 
.1644 

.1180 
.1178 

.1646 
.1645 

.0465 
.0467 

-f.OOOl 
-.0001 

9,000 

21,010,000 

a 
b 

.1646 
.1644 

.1178 
.1178 

.1646 
.1644 

.0467 
.0466 

.0001 
0. 

90,000 

21,100,000 

a 
b 

.1645 
.1645 

.1177 
.1176 

.1645 
.1644 

.0468 
.0468 

0. 
.0001 

5,908,960 

27,008,960 

a 
b 

.1644 
.1645 

.1180 
.1179 

.1644 
.1644 

.0464 
.0465 

0. 
.0001 

60,000 

0 

27,008,960 

a 
b 

.1647 
.1646 

.1148 
.1147 

.1646 
.1647 

.0608 
.0500 

-t-.OOOl 
-.0001 

1,000 

27,004.960 

a 
b 

.1645 
.1645 

.1142 
.1141 

.1643 
.1644 

.0501 
.0603 

.0001 

9,000 

27,018,960 

a 
b 

.1644 
.1645 

.1187 
.1137 

.1644 
.1644 

.0607 
.0507 

0. 
.0001 

90,000 

27,103,960 

a 
b 

.1644 
.1645 

.1137 
.1138 

.1645 
.1644 

.0606 
.0606 

-.0001 
-t-.OOOl 

439,200 

27,643,160 

Bar  raptured  at  north 
edge  of  south  mWdle 
bearing.    Soutii   end 
bearingreducedto''.86 
diaineter  from  wear. 

ENDUBAKCE  OF  BOTATING   SHAFTS. 

No.  367. 
Marks,  D. 

Burden's  best  iron.    Natural  state. 
Diameter,  1''.    Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measurra  on  chord  of  10''. 


88! 


ICazl- 

mnm 

Number  of  rotations. 

Micrometer  readings  for 
deflection^ 

fiber 

strev 

per 

Muare 

fiich. 

De- 
flec- 
tions. 

Sets. 

Suoceeiiye. 

ToUl. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load 
ed. 

Remarks. 

Pom»d». 
20,000 

0 

0 

Inch. 
.1648 
.1660 

Inch, 
.1485 
.1485 

Inch. 
.1648 
.1640 

Inch, 
.0168 
.0164 

Inch, 
0, 
.0001 

1,000 

1,000 

.1647 
.1650 

.1483 
.1487 

.1647 
.1649 

.0164 
.0162 

0. 
.0001 

0,000 

10,000 

.1649 
.1651 

.1488 
.1486 

.1647 
.1648 

.0164 
.0162 

.0002 
.0008 

25,000 

0 

10,000 

.1649 
.1668 

.1444 
.1444 

.1645 
.1647 

.oan 

.0206 

.0004 
.0006 

1,000 

U,000 

.n660 
.1660 

.1481 
.1481 

.1685 
.1687 

.0204 
.0206 

.0026 
.0028 

89,000 

100,000 

.1649 
.1658 

.1442 
.1440 

.1648 
.1644 

.0201 
.0204 

.0006 
.0009 

900,000 

1,000,000 

.1660 
.1660 

.1428 
.1429 

.1687 
.1688 

.0209 
.0209 

.0028 
.0022 

1,710,880 

2,716,880 

Bar  raptured  ".70  south 
of  the  south  edge  of 
north  middle  bearing. 

No.  868. 
Marks,  A. 

Burden's  best  iron.    Twisted  2  turns  in  length  of  45". 
Diameter,  1".    Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Lfoaaed  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Mazl- 

mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
defiecUons. 

De- 

fleo- 
Uona 

Sets. 

SuccessiTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Remarks. 

Pound*. 
25,000 

0 

1,000 

0,000 

90,000 

2,962,180 

0 

1,000 

10,000 

100,000 

8,082,180 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1640 
.1645 

.1680 
.1644 

.1689 
.1644 

.1689 
.1645 

Inch. 
.1488 
.1487 

.1488 
.1488 

.1485 
.1488 

.1485 
.1488 

Inch. 
.1640 
.1648 

.1680 
.1644 

.1689 
.1644 

.1640 
.1644 

Inch. 

.Qom 

.0006 

.0201 
.0206 

.0204 
.0206 

.0905 
.0206 

Inch, 
0. 
.0002 

0. 
0. 

0. 
0. 

-.0001 
+.0001 

Bar  ruptured  in  the 

north  middle  bearing. 

H.  Doc.  621,  6S-2 22 
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£NDUBANC£   OF  ROTATING   SHAFTS. 
No.  369. 


Marks,  B. 

Burden's  best  iron.    Twisted  3  turns  in  length  of  45". 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Len^h  between  end  supports,  33". 

Lfoaaed  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
Tnch. 

Number  of  rototiona. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
'25,000 

0 

1,000 

9,000 

90,000 

11,974,960 

0 

1,000 

10.000 

100.000 

12,074,960 

a 
b 

a 
b 

a 
b 

a 
b 

Tnch. 
.1653 
.1653 

.1654 
.1662 

.1655 
.1653 

.1653 
.1653 

Tnch. 
.1448 
.1447 

.1448 
.1447 

.1448 
.1447 

.1447 
.1447 

Tnch. 
.1653 
.1658 

.1652 
.1652 

.1653 
.1652 

.1658 
.1652 

Inch. 
.0205 
.0206 

.0204 
.0205 

.0205 
.0205 

.0206 
•.0206 

Inch. 
0. 
0. 

.0002 
0. 

.0002 
.0001 

0. 
.0001 

Bar   raptured  in  the 
north  middle  bearing. 

No.  370. 

Marks,  C. 

Burden's  best  iron.    Twisted  4  turns  in  length  of  46". 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Len^h  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 

line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
25,000 

0 

1.000 

9,000 

90,000 

6,948,080 

0 

1.000 

10,000 

100,000 

7,043,080 

a 
b 

a 
b 

a 
b 

a 

Inch. 
.1650 
.1651 

.1648 
.1660 

.1650 
.1650 

.1650 
.1650 

Inch. 
.1447 
.1443 

.1442 
.1443 

.1442 
.1443 

.1448 
.1443 

Inch. 
.1660 
.1650 

.1648 
.1660 

.1649 
.1650 

.1650 
.1650 

Inch. 
.0208 
.0207 

.0206 
.0207 

.0207 
.0207 

.0207 
.0207 

Inch, 
0. 
.0001 

0. 
0. 

.0001 
0. 

0. 
0. 

Bar  raptured   in  the 
north  middle  bearing. 

ENDUBAKCE  OF   BOTATING   SHAFTS. 

No.  371. 

Marks,  17  C. 

Gautier  steel  bar.    0.17  per  cent  carbon.     Hot  rolled  bar. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Length  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 


889 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Bemarks. 

Successiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Potmds. 
60,000 

0 

660 

6,810 

0 

660 

6,470 

a 
b 

a 
b 

Inch. 
.1660 
.1662 

.1245 
.2060 

Inch. 
.U70 
.1170 

.0725 
.1160 

Inch. 
.1646 
.1645 

.1208 
.1668 

Inch. 
.0476 
.0476 

.0488 
.0608 

Inch. 
.0004 
.0007 

.0087 
.0427 

Bar  ruptured  I"  north 
of  the  north  edge  of 
south    middle  bear- 
ing. Bar  run  hot  and 
stream  of  water  was 
played  on  it  during 

No.  372. 

Marks,  17  C. 

Gkiutier  steel  bar.    0.17  per  cent  carbon.    Hot  rolled  bar. 

Diameter,  1".    Speed  of  rotation,  500  per  minute. 

Len^h  between  end  supports,  33". 

Loaded  over  4"  lenfifth  at  middle. 

Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

8eU. 

Remarks. 

SuooessiTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounda. 
60,000 

0 
1,000 
9,000 
7,790 

0 
1,000 
10,000 
17,790 

a 
b 

a 
b 

a 
b 

Inch, 

.1644 
.1648 

.1428 
.1890 

.1488 
.1915 

Inch. 
.1248 
.1245 

.0962 
.1140 

.0964 
.1018 

Inch, 
.1641 
.1644 

.1888 
.1660 

.1871 
.1462 

Inch. 
.0698 
.0899 

.0406 
.0420 

.0417 
.0484 

Inch. 
.0006 
.0004 

.0066 
.0880 

.0062 
.0468 

Bar  ruptured  midway 
between  middle  bear- 
ings.    Bar    run    hot 
and  stream  of  water 
played  on  it  during 

Marks,  17  C. 

Gautier  steel  bar.    0.17  per  cent  carbon.     Hot  rolled  bar. 

Diameter,  1".     Speed  of  rotation,  500  per  aiinate. 

Leneth  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  roUtions. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Suocessiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

PoundB. 
45.000 

0 

1,000 

9,000 

60.400 

0 

1.000 

10,000 

70,400 

a 
b 

a 
b 

a 
b 

.1645 
.1668 

.1676 
.1727 

.1820 
.1710 

.1280 
.1286 

.1195 
.1230 

.1200 
.1140 

Inch. 
.1648 
.1648 

.1666 
.1604 

.1577 
.1570 

Inch, 
.0868 
.0862 

.0870 
.0874 

.OSTJ 
.0480 

Inch, 
.0002 
.0005 

.0010 
.0128 

.0248 
.0140 

Bar  raptured  I'MO  south 
of  south  edge  of  north 
middle  bearing.   Bar 
ran  hot  and  stream  of 
waterplayed  on  itafter 
the  first  l,000iotaaon8. 

No.  374. 

Marks,  17  C. 

Gautier  steel  bar.    0.17  per  cent  carbon.    Hot  rolled  bar. 

Diameter,  1".    Speed  of  rotation,  500  per  minute. 

Len^tii  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measur^  on  chord  of  10". 


Maxi- 

Tnwm 

fiber 

stress 

per 

square 

inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

PoundM, 
40.000 

0 

1.000 

9.000 

90.000 

196.510 

0 

1.000 

10.000 

100.000 

296.610 

a 
b 

a 
b 

a 
b 

a 
b 

Inch, 
.1666 
.1660 

.1660 
.1666 

.1625 
.1697 

.1549 
.1578 

Inch, 
.1887 
.1887 

.1826 
.1828 

.1288 
.1298 

.1210 
.1211 

Indi, 
.1665 
.1657 

.1648 
.1662 

.1616 
.1626 

.1688 
.1688 

Inch. 
.0618 
.0820 

.0828 
.0824 

.0827 
.0682 

.0828 
.0827 

.0008 

.0002 
.0014 

.0010 
.0072 

.0011 
.0040 

Bar  raptured  in  south 
middle  bearing.   Bar 
ran  rather  wBErm. 
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No.  375. 

Marks,  17  C. 

Gautier  steel  bar.     0.17  per  cent  carbon.     Hot  rolled  bar. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Length  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measure  on  chord  of  10". 
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Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflecUons. 

De- 
flec- 
tions. 

Sets. 

Bemarks. 

SuccessiTe. 

Total, 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Poundt. 

ao,ooo 

0 

1,000 

9,000 

90,000 

6,820,710 

0 

1,000 

10,000 

100,000 

6,420,710 

a 
b 

a 
b 

a 
b 

a 
b 

Inch, 
.1668 
.1666 

.1668 
.1667 

.1668 
.1657 

.1668 
.1657 

Inch. 
.1810 
.1812 

.1810 
.1812 

.1806 
.1812 

.1809 
.1809 

Inch, 
.1662 
.1655 

.1652 
.1665 

.1658 
.1666 

.1662 
.1665 

Inch. 
.0842 
.0843 

.0842 
.0848 

.0345 
.0848 

.0848 
.0846 

Inch. 
.0001 
.0001 

.0001 
.0002 

0. 
.0002 

.0001 
.0002 

Bar  not  ruptured. 

No.  876- 

Marks,  17  C. 

Gautier  steel  bar.    0.17  per  cent  carbon.     Hot  rolled  bar. 

Diameter,  1".    Speed  of  rotation,  500  per  minute. 

Length  between  end  supports,  33'\ 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 


Mazi- 

fiber 

stress 

per 

square 

inch. 

Number  of  rotations. 

Micrometer  readings  for 
defiections. 

De- 
fiec- 
tions. 

Sets. 

Remarks. 

SuccessiTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

PMmds. 
85,000 

0 

1,000 

9,000 

190,600 

5,667,820 

0 

1,000 

10,000 

200,600 

5,757.920 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1560 
.1560 

.1558 
.1548 

.1643 
.1662 

.1562 
.1567 

Inch. 
.1270 
.1268 

.1268 
.1267 

.1259 
.1200 

.1265 

.1255 

Inch. 
.1549 
.1548 

.1549 
.1546 

.1544 
.1544 

.1540 
.1587 

Inch, 
.0279 
.0280 

.0281 
.0279 

.0285 
.0284 

.0286 
.0282 

Inch, 
.0001 
.0002 

.0004 

.0002 

-.0001 
-h.0008 

.0012 
.0020 

Bar  ruptured  ".40  south 
kA  south  edge  of  north 
middle  bearing. 

Grautier  steel  bar.     0.55  per  cent  carbon.     Hot  rolled  bar. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Lfoaaed  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 

fiber 
stress 

per 
square 
Inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Poundt. 
60,000 

0 
1,000 
9.000 
2,490 

0 
1,000 
10,000 
12,490 

a 
b 

a 
b 

a 
b 

Inch. 
.1651 
.1668 

.1269 
.1843 

.1457 
.1726 

Inch. 
.1066 
.1064 

.0697 
.0906 

.0602 
.0900 

Inch. 
.1648 
.1649 

.1200 
.1427 

.1390 
.1408 

Inch. 
.0483 
.0486 

.0608 
.0622 

.0628 
.0608 

Inch. 
.0003 
.0004 

.0060 
.0416 

.0127 
.0818 

Bar  niptored  ^^.26  south 
of  south  edge  of  north 
middle  bearing.  Bar 
run  hot  and  stream  of 
water  played  on  itaf- 
terfir8tl,000  rotations. 

No.  378. 

Marks,  55  C. 

Gautier  steel  bar.    0.55  per  cent  carbon.     Hot  rolled  bar. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Length  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tiona 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
fiO.OOO 

0 

1,000 

9,000 

83,160 

0 

1,000 

10,000 

93,160 

a 
b 

a 
b 

a 
b 

Inch. 
.1663 
.1668 

.1690 
.1660 

.1600 
.1666 

Inch. 
.1160 
.1160 

.1034 
.1066 

.1030 
.1044 

Inch. 
.1662 
.1664 

.1467 
.1486 

.1467 
.1472 

Inch. 
.0412 
.0406 

.0438 
.0481 

.0437 
.0428 

Inch. 
.0001 
.0004 

.0128 
.0164 

.0188 
.0184 

Bar  rajDtoied  in  north 
middle  bearing.  Bar 
run  hot  and  stream 
of  water  played  on  It 
after  fiivt  1.000  rota- 
tions. 

ENDUBANOE   OF  BOTATING   SHAFTS. 
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No.  379. 
Marks,  55  C. 

Gautier  steel  bar.     0.55  per  cent  carbon.     Hot  rolled  bar. 
Diameter,  1".     Speed  of  rotation,  500  pet  minute. 
Lenffth  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
46,000 

0 

1,000 

9,000 

90,000 

66,240 

0 

1,000 

10,000 

100,000 

166,240 

a 
b 

a 
b 

a 
b 

a 
b 

'inch, 
.1567 
.1570 

.1546 
.1597 

.1512 
.1628 

.1547 
.  1616 

Inch. 
.1200 
.1202 

.1162 
.1169 

.1120 
.1140 

.1130 
.1188 

Inch. 
.1565 
.1568 

.1586 
.1M6 

.1503 
.1526 

.1520 
.1527 

Inch. 
.0865 
.0366 

.0874 
.0377 

.0383 
.0686 

.0391 
.0889 

Inch, 
.0002 
.0002 

.0010 
.0061 

.0009 
.0102 

.0027 
.P089 

Bar    ruptured    In    the 
south  middle  bearing. 
Bar  run  hot  and  stream 
of  water  played  on  it 
after  first  1,000  roU- 
tions. 

No.  380. 
Marks,  55  C. 

Gautier  steel  bar.     0.55  per  cent  carbon.     Hot  rolled  bar. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Lenfi^th  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 

fiber 
stress 

per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 

line. 

a 
b 

a 
b 

a 
b 

a 
b 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Foundt. 
40,000 

0 

1,000 

9,000 

98,000 

352,850 

0 

1,000 

10,000 

108,000 

465,360 

Inch. 
.1M5 
.1585 

.1548 
.1536 

.1555 
.1530 

.1583 
.1563 

Inch. 
.1225 
.1215 

.1218 
.1210 

.1226 
.1197 

.1196 
.1188 

Inch. 
.1543 
.1534 

.1542 
.1530 

.1647 
.1621 

.1526 
.1518 

Inch. 
.0818 
.0319 

.0324 
.0820 

.0322 
.0824 

.0828 
.0830 

Inch. 
.0002 
.0001 

.0001 
.0006 

.0008 
.0009 

.0007 
.0065 

Bar  ruptured  l''.60north 
of  the  north  edge  of 
south  middle  bearing. 
Bar  runhot  and  stream 
of  water  played  on  it 
after  10,000  rotations. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaaed  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
Btren 
per 
square 
Tnch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

SuccesBiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

IXMd- 

ed. 

Un- 
load- 
ed. 

Pounds. 
86,000 

0 

1,000 

9,000 

90,000 

800,720 

0 

1,000 

10,000 

100,000 

900,720 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1568 
.1660 

.1669 
.1669 

.1666 
.1660 

.1660 
.1668 

Inch. 
.1280 
.1281 

.1280 
.1280 

.1276 
.1277 

.1279 
.1278 

Inch. 
.1668 
.1569 

.1668 
.1668 

.1656 
.1668 

.1668 
.1667 

Inch. 
.0278 
.0278 

.0278 
.0278 

.0281 
.0281 

.0279 
.0279 

Inch. 
0. 
.0001 

.0001 
.0001 

0. 
.0002 

.0002 
.0001 

Bar  ruptured l."60  north 
of  north  edge  of  south 
middle  bearing,  or  be- 
tween   middle   bear- 
ings.  Bar  run  hot  and 
stream  of  water  played 
on  it  after  10,0(»  rotar 
Uons. 

No.  382. 
Marks,  82  C. 

(rautier  steel  bar.     0.82  per  cent  carbon.     Hot  rolled  bar. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaaed  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
defiections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
60,000 

0 
1,000 
9.000 
17,260 

0 
1,000 
10,000 
S7,260 

a 
b 

a 
b 

a 
b 

Inch. 
.1666 
.1660 

.1467 
.1609 

.1588 
.1630 

Inch. 
.1075 
.1072 

.0958 
.1010 

.0957 
.0956 

Inch. 
.1555 
.1567 

.1452 
.1516 

.1471 
.1477 

Inch. 
.0480 
.0486 

.0494 
.0606 

.0514 
.0521 

Inch. 
.0001 
.0008 

.0006 
.0094 

.0062 
.0168 

Bar  ruptured  1".60  north 
of  north  edge  of  south 
middle  bearing.    Bar 
run  hot  and  stream  of 
water   played   on  it 
after  first  1,000  roU- 
tions. 
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No.  383. 

Marks,  55  C. 

Grautier  steel  bar.     0.55  per  cent  carbon.     Hot  rolled  bar. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Len^h  between  end  supports,  33". 

Loaded  over  4''  length  at  middle. 

Deflections  measured  on  chord  of  10". 
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Maxi- 
mum 
fiber 
Btreffi 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
80,000 

0 

1,000 

9,000 

90,000 

710,680 

0 

1,000 

10,000 

100,000 

810,680 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1646 
.1646 

.1648 
.1646 

.1648 
.1644 

.1644 
.1644 

Inch. 
.1802 
.18l>4 

.1801 
.1800 

.1301 
.1900 

.1800 
.1800 

Inch. 
.1644 
.1644 

.1648 
.1644 

.1648 
.1643 

.1643 
.1648 

Inch. 
.0242 
.0240 

.0242 
.0244 

.0242 
.0243 

.0243 
.0243 

Inch. 
.0001 
.0001 

0. 
.0001 

0. 
.0001 

.0001 
.0001 

Bar  not  nxptoied. 

No.  384. 

Marks,  82  C. 

Gautier  steel  bar.     0.82  per  cent  carbon.     Hot  rolled  bar. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Length  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Bemarks. 

Successiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

PmauU 
66,000 

0 

1.000 

9,000 

88,790 

0 

1,000 

10,000 

93,790 

a 
b 

a 
b 

a 
b 

Inch. 
.1666 
.1666 

.1636 
.1597 

.1549 
.1696 

Inch. 
.1109 
.1111 

.1060 
.1064 

.1022 
.1040 

Inch. 
.1664 
.1564 

.1614 
.1524 

.1492 
.1508 

Inch. 
.0446 
.0443 

.0464 
.0460 

.0470 
.0468 

Inch. 
.0002 

.0002 

.0022 
.0078 

.0057 
.0197 

Bar  ruptured  about  mid- 
way between  middle 
beatings.    Bar  run  hot 
and  stream  of  water 
played    on   it    after 
10,000  rotations. 

- 

I 
I 


d  « 


^^  a^  ^^ 


II 


t   3   5  . 

I  liii 

C  5>  I-.  *  ^  •" 

n     a    i4 


I 


II 


§  S  i$ 


^  ^ 


I  I    a  g  g 

§     S       ill 

2         8         '^^ 


ill  I 


i  §1  §§§§!  §§  im  n  i  §§§i 


IS  - 


SJJ 


»OrH        -^iH 


eo         <oefco  cf 


ig 


i'-a 


!'§§§  §§  §§  §§  §§§§§  §§  §§§  §  §  §§§§ 


8      ^ 

^         CO 


S      S         S    8     : 


^      S      S      g 


S         S    S    g 


a 


3       S       8 


^       ^       j; 


8    8    S 


S       ^         S    S    8 


5 


o 

1 

2 


o 


a 


o 

0 


c        5 
S  ,     o 

II 

It!    I 

O         55 


1 

0 


•as 

u 

o 


0   •§ 


I. 
^? 

0 

li 

xi 

•si 

m 


•3 

•a 

x| 


o     o    S 


x| 


OD 


iH  c^  c<i  T 

><  ^  ^  ^ 

f,  !>.  r*  ?5 

S  i  i  § 


^  2  « 

«*  cf  ci 

X  y 

t-  £  o 


§    I      S  §  i 


ENDUKANOB   OF  ROTATING   SHAFTS. 


847 


n% 


A 


II  tl  1^1 

5=    5^    '^: 


fis    1^52 


^^Itl 


■a-S 


-.33^2 


O  5£-       O  S        e  ^  3 


P  V  tJ  *  fi-- 


^?-  ill  8s 

^  ^i   ^58^5  2 
Tj-^s?   Asia's!: 


§§§  I  §§§§  §  i  i  §      I  § 


f^         n         n 


§  § 

%%'% 

i 

i  1 

1 

% 

§    i 

§ 

1 

s 

i 

§ 

i 

i  § 

it  s 

1 

§  § 

i 

8f 

00-     5- 

S 

S5 

9 

§ 

?f 

i 

00 

g-rf 

cf 

CO- 

"^  9"      gf      S      Sf        ^        Sf        i 


9i>efco 


§§§     §     §§§§     §     §     §     §  §     § 


5    5^ 


S  i  §  §  § 


^  ^  ^  s 


s  s     s 


S   ^   qi   s   s 


S    S      8    ^      ^ 


I 


d 

<0 

and 

ow, 
an- 

and 

and 

■>.    ^^ 

•dw 

li 

1  »a.§  ?«• 

«  S<o  a  &-a  3'dfl 
S  cf-5  J^  "  ■j8o' 

n 

aq    ;i;      ta    W 

S     |S  1 
Id  "^=^^1 


a 


•d 


n     n 


^  'I 

S  II 

So*  So* 

n  M 


cS'S 

'?3 


•3 


I 


x^ 


I 


1 1 


;i  -^    3  ;!    S    2    2 


,  2 


2 


I    iiEi§i§ 


§   i  §   §  g 


§    s 


848 


ENDURANCE  OF  BOTATINO  SHAFTS. 


IP 

•O  «]>  ft} 


$i-; 


s 


I  II  tn 

(U  S  o  s     tj  fc"  i  ■ 


i 


I 


I  §     I 


i    g"  Mr 


I  §      i 


I 


ill   §i§ 
ill"  i'i's 


11  §i§§ 

w     coeffT 


g     I 


8  I' 


§    § 


I  g 
8"  I" 


I 


I 


a 


» 
^ 
p 


til III 


|§  § 


§§§  §§§  §§  §§§§ 
s's's  s'ss'  s¥  ^Ms 


S   !3 


§  § 

4  s 


I 


3  I 


9  ^ 


S  3 


c 


I 

I 


sta 


HP 


•2 


o  o 


I 


S  S 


Q   -<«oJf 


§  i  I   §   §  i§§s  g  g  g  § 


ENDDBANOE   OF  BOTATINO  SHAITTS. 


349 


H 1^-^ 


I  lll  ft 


pi 


i;^  (w  r-  u  1 


O  ^  IT'  -^  ^  ^      X 


flips' 

""-SB 


Us  M 


PIP 


■3°-^= 


^•^  as  -  S 

'^  d  d  S  ic  ^ 


I  I 


s     s 


S 


§  I      §     g     g       g       g      §g 
g  tf       s     I     I       §       fe       gs 


§§§§§§§§§ 

S    ^         S      19      9~         3         S         £  S 


3    3 


&   ^ 


g      iS      e 


r;    ]S 


S       S       iS 


Ig         S         SI3 


u    u 

o 

u 

o 

u 

V 

oo 

^    !S 

s 

s 

IS 

2 

^ 

Igg 

n  g 


e    s 


i       I      §£ 


TENSILE  SPECIMENS  FROM  ENDURANCE  TESTS 
OF  ROTATING  SHAFTS. 


351 


TENSILE   SPECIMENS    FROM    RUPTUBED    ENDURANCE   SHAFTS.        353 

Tensile  Specimens  from  Ruptured  Endurance  Shafts. 

specimens  taken  from  the  ends  of  ruptured  bars. 

The  marks  give  the  test  number  of  the  endurance  shaft,  also  the 
figures  and  letters  which  were  employed  to  identify  the  gi-ade  or  treat- 
ment of  the  metal. 


The  results  are  grouped  according  to  the  classes  of  material  repre- 
sented. Specimens  in  each  group  follow  each  other  in  the  order  of 
their  endurance-test  number. 

H.  Doc.  521,  58-2 ^23 


o04:      tensile  8fecimejns  fkom  kuinukeu  kjmjljuicajmue  uuaj5tl'0. 
Treated  Steel  Bars  from  the  Bethlehem  Steel  Co. 

No.  7682. 

Hardened. 

Marks,  326,  7x2-9. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

looosper 

square 

Inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
30.000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52.000 
58.000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74.000 
76,000 
78,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
104,000 
108,000 
112,000 
116,000 
120,000 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0004 
.0010 
.0021 
.0032 
.0038 
.0047 
.0049 
.0052 
.0054 
.0057 
.0059 
.0061 
.0062 
.0064 
.0067 
.0069 
.0070 
.0072 
.0076 
.0079 
.0061 
.0085 
.0088 
.0090 
.0092 
.0099 
.0105 
.0112 
.0122 
.0139 
.0160 
.016-2 
.0179 
.0203 
.0225 
.0257 
.03 
.04 
.05 
.07 
.06 
.09 
.11 
.18 
.17 
.29 


Set. 


Inch. 

0. 

0. 


.0001 


.0004 


.0009 


.0014 


.0020 


.0031 


.0070 


.0161 


Remarka. 


InlUal  load. 


Tensile  strength. 
=12.7  per  cent. 


Elongation  of  inch  sections,  ".06,  ".14,  ".18*. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Q)ntraction  of  area,  24.6  per  cent. 
Appearance  of  fracture,  silky,  oblique. 


TENSILE   SPECIMENS   FROM   RUPTURED    ENDURANCE   SHAFTS. 

No.  7657. 

Hardened. 

Marks,  334,  7x1-10. 

Diameter,  ".564. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


355 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Elonga- 
ti<m. 

Set. 

Remarlcs. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40.000 
45,000 

Inch. 

0. 

.0008 
.0010 
.0020 
.0031 
.0041 

(KM? 

Inch, 

0. 

0. 

Initial  load. 

0. 

' 

48,000  1       .ooei 

49,000    1            OOM 

Elastic  limit. 

50,000 
51,000 
62,000 
58,(XX> 
54.000 
55,000 
56.000 
57,000 
58,000 
50,000 

.0069 
.0063 
.0068 
.0071 
.0075 
.0079 
.0087 
.0096 

.0007 

.0113 

. 

60,000              .0218 
62,000              .0258 

.0147 

64,000 
68,000 
72,000 
76.000 
80,000 
88,000 
92,000 
95,760 
0 

.0814 
.0450 
.0595 
.0750 

.0948 

.15 

.21 

.0842 

Tentrile  irt'ength. 

.68 

=  21  per  cent. 

Elongation  of  inch  sections,  ".09,  ".17,  ".37*. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Appearance  of  fracture,  nne  silky,  cup-shaped. 


Mark8,  335,  7x2-2. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

mcb. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40.000 
45,000 
50,000 
55,000 
60,000 
63,000 
60,000 
60.000 
61,000 
62,000 
63,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76.000 
78,000 
80,000 
84,000 
88,000 
92,000 
96.000 
97,200 
.0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0003 
.0009 
.0020 
.0031 
.0^11 
.0047 
.0052 
.0059 
.0064 
.0068 
.0118 
.0120 
.0142 
.0175 
.0230 
.0280 
.0868 
.0428 
.0509 
.0585 
.0650 
.0720 
.0810 
.0933 
.11 
.15 
.20 
.32 


.65 


Set. 


Inch. 

0. 

0. 


0. 
0. 
0. 
0. 
0. 


.0050 
.0058 


.0625 


Remarks. 


Initial  load. 


Elastic  limit 
Load  fell. 
Load  repeated. 


Tensile  strength. 
=21.7  per  cent. 


Elongation  of  inch  sections,  ".15,  ".37*,  ".13. 
Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 
Contraction  of  area,  49.7  per  cent. 
Appearance  of  fracture,  nne  silky,  cup-shaped. 


TENSILE   SPECIMENS   FROM   RUPTURED   ENDURANCE   SHAFTS. 

No.  7659. 

Oil  tempered  and  annealed  at  low  heat. 

Marks,  337,  7x2-6. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


357 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

PoundB. 

i'SS 
5,000 

10,000 

Inch, 
0. 

.0004 
nnin 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=25  per  oent. 

20,000   '        .o62i 
80,000    •          .0031 
40,000              .004S 
45,000              .0049 
49,000    1          .0054 
50,000              .0059 
51,000              .0062 
52,000              .0068 
63,000              .0077 

«.«»,{    :SS 

55,000             .0160 
56,000              -0225 

0. 
.0001 

.0004 

58,000 
60,000 
62,000 
64,000 
66.000 
68,000 
70,000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
92,960 
0 

.0276 

.0652 

.0880 

.0490 

.0570 

.0650 

.0750 

.0849 

.1060 

.1812 

.17 

.28 

.85 

.0279 

.75 

Elongation  of  inch  sections,  ".14,  ".45*,  ".16. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 


xjt.jK.f  x.EiX^c7ixi£i     cfj.s^jKjxjn.pji.'^Ky     c  fiivyja.     m:»i\j  tr  x\J  mmjulf     J2ixi  a^«j  jai^&x^  vxm     kji*  j>  j  xc 


No.  7683. 

Oil  tempered  and  annealed  at  high  heat. 

Marks,  339,  7x5^-7. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

squaie 

Inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 

1,000 

5,000 

10,000 

20,000 

30,000 

35,000 

40,000 

50,090 

55,000 

60,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95,000 

100,000 

105,000 

110,000 

115,000 

120,000 

121,000 

122,000 

124,000 

126,000 

128,000 

180,000 

182,000 

134,000 

135,920 

0 

Inch. 

0. 

.0004 
.0010 
.0021 
.0033 
.0089 
.0045 
.0056 
.0060 
.0066 
.0070 
.0076 
0080 
.0087 
.0091 
.0097 
.0101 
.0108 
.0112 
.0119 
.0122 
.0181 
.0860 
.05 
.06 
.08 
.09 
.11 
.15 
.18 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 

Tensile  strength. 
—16.8  per  cent. 

0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.0003 

.49 

Elongation  of  inch  sections,  ".09,  ".33*,  ".07. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Appearance  of  fracture,  fine  silky,  serrated. 


TENSILE   SPECIMENS    FROM   RUPTURED    ENDURANCE   SHAFTS. 

No.  7808. 

Oil  tempered  and  annealed  at  high  heat. 

Marks,  340,  7x2-8. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


859 


Applied    I 
loads  per  i 

^^^^'      I      tlon. 


In  gauged  length. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
60,000 
00.000 
70,000 
80,000 
90,000 
98,000 
99,000 
100,000 
101,000 
102,000 
103,000 
104,000 
106,000 
106,000 
108,000 
112,000 
116,000 
120,000 
124,000 
127,200 
0 


Inch. 

0. 
.0004 
.0010 
.0020 
.0081 
.0041 
.0053 
.0063 
.0074 
.0084 
.0096 
.0106 
.0106 
.0111 
.0127 
.0142 
.0160 
.0183 
.0210 
.0238 
.0310 
.05 
.07 
.10 
.15 


Set. 


.46 


Inch. 

0. 

0. 


Remarks. 


Initial  load. 


.0009 


.0188 


Elastic  limit. 


Tensile  strength. 
=15.1  per  cent. 


Elongation  of  inch  sections,  ".05,  ".16,  ".25*. 
Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 
Contraction  of  area,  57  per  cent. 
Appearance  of  fracture,  tine  silky,  serrated. 


360       TENSILE   SPECIMENS   FROM   RUPTURED    ENDURANCE   SHAFTS. 

No.  7661. 
Annealed  at  high  heat. 
Marks,  341,  7x2-4. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

1,000 
6,000 
10.000 
20,000 
80,000 
85,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
52,000 
54,000 
66,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
89,680 
0 

Inch. 

0. 

.0004 
.0010 
.0021 
.0032 
.0089 
.0047 
.0049 
.0050 
.0052 
.0058 
.0061 
.0068 
.0072 
.0082 
.0098 
.0122 
.0170 
.0250 
.0813 
.0470 
.06 
.08 
.10 
.18 
.16 
.21 
.80 

Inch. 

0. 

0. 

InitUl  load. 
Elastic  limit 

Tensile  strength. 
=  21.7  per  cent. 

0. 

.0002 

.0064 

.0892 

.65 

Elongation  of  inch  sections,  ".11,  ".30*,  ".24*. 
Diameter  at  fracture,  ".42;  area,  .1385  square  inch. 
Contraction  of  area,  44.6  per  cent. 
Appearance  of  fracture,  hne  silky. 


TENSILE   SPECIMENS   FROM   BUPTURED   ENDURANCE   SHAFTS. 

No.  7868. 

Annealed  at  low  heat. 
Marks,  365,  7x3-1. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


361 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
60,000 
60,000 
66,000 
70,000 
75.000 
76,000 
77.000 
78,000 
79,000 
80,000 
81,000 
82,000 
88,000 
84,000 

Inch. 

0. 
.0004 
.0010 
.0021 
.0061 
.0042 
.0053 
.0064 
.0069 
.0075 
.0081 
.0063 
.0085 

Inch. 

0, 

0. 

IniUal  load. 
Elastic  limit 

0. 

0. 

0. 

.0087 
.0090 
.0094 
.0096 
.0102 
.0105 
.0110 

.0009 

85,000    ;         .6ii8 
86.000             .0180 

.0026 

87,000             .0136 

88,000    ,         .0144 

89,000 
90,000 
92,000 
94,000 
96,000 
96,000 
100,000 
104,000 
106,000 

.0156 
.0175 
.0218 
.0266 
.0335 
.0437 
.0521 
.07 
in 

.0076 

.0400 

112,000              .14 

116,000              .20 

117,280 

Tensile  strength. 

0 

.66 

=  18. 8  per  cent 



Load  on  bar  at  time  of  rupture,  21,800  pounds =192,240  pounds  per 
square  inch  on  area  at  f  ra<iture. 

Elongation  of  inch  sections,  ".17,  ".29*,  ".09. 

Diameter  at  fracture,  ".38;  area,  .1134  square  inch. 

Contraction  of  area,  54.6  per  cent. 

Fractured  1".35  from  the  neck. 

Appearance  of  fracture,  fine  silky,  serrated,  cup-shaped. 


Marks,  366,  7x3-2. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loaoflper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 

Inch. 

0. 
.0003 
.0008 
.0018 
.0028 
.003K 

Inch. 

0. 

0. 

Initial  load. 
Ela-itic  limit 

Tensile  strength. 
=  18  per  cent. 

-.0001 

50,000             -0049 

60,000 
65.000 
70,000 
75,000 
79,000 
80.000 
81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
89,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 
104,000 
108,000 
110,000 
116,000 
116,800 
0 

.0060 

.0065 

.0070 

.0076 

.0080 

.0085 

.0089 

.0093 

.0096 

.0103 

.0109 

.0119 

.0127 

.0139 

.0152 

.0177 

.0210 

.0271 

.0346 

.0445 

.0532 

.07 

.10 

.14 

.21 

.38 

.54 

-.0002 

-.0002 

0. 

.0019 

.0077 

.0411 

Load  on  bar  at  time  of  rupture,  22,200  pounds =195,770  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".08,  ".13,  ".33*. 
Diameter  at  fracture,  ".38;  area,  .1134  square  inch. 
Contraction  of  area,  54.6  per  cent. 
Fractured,  1"  from  the  neck. 
Appearance  of  fracture,  fine  silky,  serrated,  cup-shaped. 


TENSILE- SPECIMENS   FROM   RUPTURED   ENDURANCE   SHAFTS. 
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Metal  from  16"  by  18"  Carbon  Steel  Ingot. 

No.  7684. 

Heated  low  cherry  and  quenched  in  oil. 

Marks,  343,  C  3-B. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20.000 
80,000 
36,000 
36,000 
87,000 
38,000 
39,000 
40.000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
62,000 
64,000 
56,000 
68,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
0 

Inch. 
0. 
.0003 

0008 
.0019 
.0030 
.0039 
.0044 
.0048 
.0061 
.0054 
.0069 
.0064 
.0078 
.0079 
.0088 
.0090 
.0099 
.0109 
.0127 
.0140 
.0167 
.0196 
.0270 
.0340 

0405 
.0498 
.07 
.10 
.13 
.19 
.87 
.40 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

6. 

0. 
.0002 

.0017 

.0040 

.0106 

.0422 

Tensile  strength. 

=  13.3  per  cent. 

Elongation  of  inch  sections,  ".09,  ".20*,  ".11. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
App^rance  of  fracture,  granular. 


TENSILE   SPECIMENS   FROM   RUPTURED   ENDURANCE   SHAFTS. 

No.  7748. 

Heated  white  hot  and  quenched  in  brine. 
Marks,  350,  C  5-A. 


865 


Diameter,  '^564. 
Sectional  area,  .25  square 
Gauged  length,  3". 


inch. 


Aw>lied 

looids  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Pwinds. 
1.000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
47,000 
48.000 
49.000 
60,000 
51.000 
52.000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62.000 
68,000 
64,000 
66,000 
68,000 
70,000 
76(000 
80.000 
84.000 
87,600 
0 

Inch. 

0. 

.0008 
.0009 
.0019 
.0029 
.0064 
.0069 
.0045 
.0048 
.0050 
.0058 
.0067 
.0060 
.0065 
.0069 
.0078 
.0079 
.0064 
.0091 
.0096 
.0106 
.0118 
.0122 
.0131 
.0142 
.0158 
.0180 
.0212 
.0241 
.04 
.06 
.07 

Inch. 

0. 

0. 

Initial  load. 
ElasUc  limit. 

Rested  under  initial  load  1  hour. 

Tensile  strength. 
-  3.7  per  cent. 

0. 
0. 
0. 
0. 
0. 

.0006 

.0021 

.0068 

.0164 

.11 

Elongation  of  inch  sections,  ".01,  ".02,  ".08*. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 

Appearance  of  fracture,  irregular,  gray,  amorphous,  60  per  cent; 
fine  granular,  40  per  cent. 


Heated  bright  yellow  and  quenched  in  oil. 

Marks,  352,  C  5-B. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaasper 

square 

Inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds.    1       Inch. 
1,000    I       0. 
5,000    I      .   .0008 
10,000             .0010 

Jnrh. 

0. 

0. 

Initial  load. 

20,000 
80,000 
85,000 
38,000 
89,000 
40,000 
41,000 

.0020 
.0080 
.0036 
.0088 
.0040 
.0046 
nn4H 

6. 
0. 
.0001 

Elastic  limit. 

.6667 

42.000    ,          .0050 
43,000              .0052 
44.000    i          .0066 
46.000    1          .0059 
46,000    1          .0063 
47,000              .0068 
48,000              .0072 
49,000              .0078 
50,000              .0087 
52,000              .0101 



.0013 

.6635 

54  000              -OlSfl 

56,000 
58,000 
60,000 
64.000 
68.000 
72,000 
76,000 
80.000 
83,920 

.0170 

.0221 

.0285 

.04 

.06 

.08 

.10 

.14 

.0214 

Tensile  strength. 

.29 

=9.7  percent. 



Elongation  of  inch  sections,  ".08,  ".07,  ".14*. 

Diameter  at  fracture,  ".50;  ai'ea,  .1964  square  inch. 

Contraction  of  area,  21.4  per  cent. 

Appearance  of  fracture,  oblique,  irregular,  gray,  amorphous. 


No.  7751. 

Heated  bright  yellow,  quenched  in  oil,   and  annealed  at  about 
1,000^  F. 
Marks,  363,  C  5-C. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per  I 

«JSf«     1    Klonga- 


In  gauged  length. 


Pounds, 
1,000 
5,000 
10,000 
'20,000 
30,000 
35,000 
40,000 
45,000 
46,000 
47.000 
48,000 
49,000 
50,000 
51,000 
52,000 
68,000 
54.000 
56,000 
58,000 
60,000 
64,000 
68.000 
72,000 
76.000 
0 


Inch. 
0. 
.0008 

.0009 

.0019 

.0029 

.0094 

.0039 

.0045 

.0050 

.0070 

.0108 

.0140 

.0189 

.0209 

.0250 

.0288 

.0880 

.0410 

.0495 

.0691 

.08 

.10 

.14 

.24 

.27 


Set. 


Inch. 
0. 
0. 


0. 
0. 


0. 
.0001 


.0131 


.0517 


Remarka. 


Initial  load. 


Elastic  limlL 


Tensile  strength. 
=9  per  cent. 


Elongation  of  inch  sections,  ".08,  ".13*,  ".06. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  16  pjer  cent. 
Appearance  of  fracture,  irregular,  gray,  amorphous. 


5b5       TENSILE   SPECIMENS   FBOM   RUPTURED   ENDURANCE   SHAFTS. 

No.  7752. 

Heated  bright  yellow,  and  cooled  in  sand. 

Marks,  364,  C  5-D. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

IcNidsper 

square 

inch. 


P&ufuU. 
1,000 
6,000 
10,000 
20,000 
26,000 
27,000 
28,000 
29,000 
80,000 
81,000 
32,000 
83,000 
81,000 
85,000 
36,000 
87,000 
88,000 
89.000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
62,000 
64.000 
66,000 
60,000 
61,920 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 

.0008 
.0010 
.0020 
.0027 
.0067 
.0068 
.0227 


.0828 

.0362 

.0410 

.0448 

.0475 

.0600 

.0670 

.0612 

.0672 

.06 

.09 

.11 

.13 

.15 

.17 

.20 

.24 

.85 


.67 


Bet 


Inch, 

0. 

0. 


.0281 


.0402 


.0622 


Remarkn. 


IniU&l  load. 
ElanUc  limit. 


Tensile  strength. 
=22.3  per  cent. 


Elongation  of  inch  sections,  ".17,  ".28*,  ".22. 
Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 
Contraction  of  area,  27.6  per  cent. 
Appearance  of  fracture,  irregular,  gray,  amorphous. 


TBN81LB  SPEOIHENS  FROM  BUFTnBEI)  BNCUBAKCK   dHAKTti. 

No.  7756. 

Heated  bright  red  and  quenched  in  oil. 

Marks,  359,  C  3-C. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


369 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundg. 
1,000 
5,000 
10,000 
20,000 
80,000 
86,000 
.     40,000 
46,000 
46,000 
47,000 
48,000 
49.000 
60,000 
62,000 
64,000 
66,000 
58,000 
60,000 
62,000 

Ineh, 
0. 

.0009 
.001» 
.0080 
.0086 
.0040 
.0047 
.0049 
.0051 
.0068 
.0067 
.0060 
.0070 
.0088 
.0109 
.0182 
.0170 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit,  approximate. 

Tensile  strength. 
=  9. 8  per  cent. 

6. 
0. 

0. 
.0001 

.0010 

.0102 

64,000              -OOFA 

66,000 
68,000 
70,000 
76,000 

.0810 
.0878 
.0460 

07 

.0871 

80  000     :            09 

84,000 

88,000 

89,280 

0 

.12 
.17 

.28 

Elongation  of  inch  sections,  ".16*,  ".06,  ".06. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
Appearance  of  fracture,  irregular,  gray,  amorphous. 

H.  Doc.  521,  5&-2 ^24 
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TENSILE   SPECIMENS    FROM   RUPIURED    ENDURANCE   SHA*T:S. 

Metal  from  16"  by  18"  Nickel  Steel  Ingot. 

No.  7660. 

Natural  state  of  ingot. 
Marks,  338,  N  3-C. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


371 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tton. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
25,000 
80,000 
81,000 
82,000 
33,000 
34,000 
35,000 
36,000 
87,000 
38,000 
40.000 
42,000 
44,000 
46.000 
48,000 
60,000 
52,000 
56,000 
60,000 
64.000 
64,480 
0 

Inch. 

0. 

.0004 
.0010 
.0021 
.0027 
.0032 
.0036 
.0040 
.0042 
.0048 
.0061 
.0061 
.0069 
.0087 
.0142 
.0225 
.0820 
.0450 
.0580 
.0726 
.09 
.18 
.19 
.36 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 
=  16. 7  per  cent. 

0. 
0. 
.0001 

.0012 

.0096 

.0668 

.50 

Elongation  of  inch  sections,  ".22*,  ".16,  ".12. 

Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 

Contraction  of  area,  27.6  per  cent. 

Appearance  of  fracture,  dull  amorphous,  irregular  surface. 


Marks,  366,  N  5-A. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 
loads  per 

In  gauged  length. 

BwDnJu* 

iueii. 

ElQDgB'     1          a^. 

Uon.             ^^' 

Povnd*. 

Inch.      1       Inch. 

1,000 

0.                  0. 

InUtal  Jottd. 

ftp  WO 

.OOtM    1        0. 

10.000 

.0010     

^,000 

,0020      ,„,., 

80.000 

.(KI30            Oi 

40.000 

.0040    ,        0. 

50,000 

.OOTiO            0, 

60.000 

-ooei        0. 

05,000 

.oaes   ,       .0001 

70,000 

.0078              .0001 

76,000 

.0089              .0007 

J^O.OOO 

.OOQfi    ,          .U00» 

a5,DO0 

.0106    1          .0012 

w*ooo 

.0113     1          .0017 

05,000 

.01Z3     .„ 

Tciwile  stTvtigtb. 

0 

,m      ,,.,,, 

=  0.7per<s!nl. 

Elastic  limit  iadefinito. 

EluHgatian  of  incJi  sections,  ".00,  ",01,  ".01». 

Contraction  of  area,  inappreciable* 

Appearance  of  fnicture,  giunular.  The  fractured  .surface  dii?played 
a  bright,  smooth,  splendent  spot  ".8  by  ''.ii,  thu  edges  of  which  were 
darkened,  apparently  by  the  oil  used  about  the  lathe  when  turning 
the  specimen. 


j 


TENSILE   SPECIMENS   FROM   RUPTURED   ENDURANCE   SHAFTS. 

No.  7754. 

Heated  bright  yellow  and  quenched  in  oil. 

Marks,  356,  N  5-B. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
86,000 
40,000 
45,000 
60,000 
55,000 
70,000 
75,000 
80,000 
85.000 
87,000 
0 

Inch. 

0. 

.0008 
.0010 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
=2  per  cent. 

.0021 

.0081 
.0087 
.0048 
.0054 
.0064 
.0074 
.0124 
.0160 
.0198 
.0268 

6. 

.0001 
.0008 
.0006 
.0012 
.0017 
.0049 
.0079 
.0109 
.0168 

.06 

Elastic  limit,  indefinite. 
Elongation  of  inch  sections,  ".05*, 
Diameter  at  fracture,  ".54;  area, 
Contraction  of  area,  8.4  per  cent. 
Appearance  of  fracture,  silky,  oblique.     The  fractured  surface  con- 
tains a  smooth,  bright,  splendent  spot  ".20  by  ".30. 


.01,  ".00. 
.2290  square  inch. 


Heated  bright  yellow  and  cooled  in  sand. 

Marks,  358,  N  5-D. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
6,000 
10,000 
20,000 
30,000 
36,000 
40,000 

41,000 

42,000 
48,000 
44,000 
45,000 
46.000 
47,000 
48,000 
49,000 
50,000 
52,000 
66.000 
60,000 
64,000 
67,840 
0 

Inch. 
0. 

.0008 
.0009 
.0019 
.0031 
.0086 
.0042 
/       .0050 
\       .0250 
.0291 
.0340 
.0880 
.0445 
.0475 
.0518 
.0585 
.0635 
.0735 
.08 
.12 
.16 
.22 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 
-l.'t.S  per  cent. 

0.  . 
.0002 
.0002 
.0006 

.0390 

.0673 

.46 

Elongation  of  inch  sections,  ".22*,  ".13,  ".11. 
Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 
Contraction  of  area,  27.6  per  cent. 
Appearance  of  fracture,  dull  gray,  amorphous. 


TENSILE   SPECIMENS   FBOM   BUPTI.TRED   ENDUBANCE  SHAFTS. 

No.  7757. 

Heated  low  cherry  and  quenched  in  oil. 

Marks,  360,  N  a-B. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


875 


Applied 

loads  per 

equAre 

inch. 


PoutuU. 
1,000 
6,000 
10.000 
20,000 
80,000 
86.000 
40,000 
45,000 
46,000 
47,000 
48,000 
49.000 
60,000 
62,000 
64,000 
56.000 
68.000 
60,000 
64.000 
68.000 
72,000 
76,600 
0 


In  ganged  length. 


Elonga- 
Uon. 


Set. 


Inch. 
0. 
.0008 

.0010 

Inch. 

0. 

0. 

.0020 
.0061 
.0088 

^   .0051 

'   .0066 

.0070 

0. 
.0001 
.0002 
.0010 
.0017 

.0073 

.0077 

.0060 

.0088 
.0096 

.0081 

.0110 

.0180 

.0155 

.0190 
.08 

.0119 

.04 

.06 

.11 

Remarki. 


IniUal  load. 


Tendle  strength. 
=  8.7  per  cent. 


Elongation  of  inch  sections,  ".06*,  ".03,  ".02. 
Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 

Appearance  of  fracture,  dull  gray,  coarsely  fluted  ends,  smooth, 
lustrous  ridges.    Opened  cracks  in  surface  of  stem. 
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TENSILE   SPECIMENS   FROM   RUPTURED   ENDURANCE   SHAFTS.        377 


Burden's  Best  Iron— Plain  and  Twisted  Bars. 

No.  7809. 
Natural  state. 
Marks,  367-D. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  8". 


Applied 

loadB  per 

square 

Inch. 

In  gauge 

Elonga- 
Uon. 

d  length. 
Set. 

Remarka. 

Pmindi. 

l.OUO 

6,000 

10,000 

Inch. 
0. 
.0004 

0010 

Inch. 

0. 

0. 

Initial  load. 
Elasticlimit.    Load  fell. 

Tensile  strength. 
=83.3  per  cent. 

20,000             .0021 
80,000             .0061 
81,000    1          .0082 
82,000              .0083 

«.oooi{    :0{is 

27,000              .0169 
28.000              .0268 
29,000              .0603 
80,000              .0660 
81,000              .0723 
82,000              .0810 
83,000              .0900 
84.000    1          .1000 
86.000              .12 
88,000              .15 
40.000              .18 
42,000              .28 
44,000              .80 
46,000              .42 

0. 

.0623 

48;  000 

A 

1.00 

Elongation  of  inch  sections,  ".23,  ".62*,  "25. 
Diameter  at  fracture,  ".39;  area,  .1194  square  inch. 
Contraction  of  area,  52.2  per  cent. 
Appearance  of  fracture,  nbrous. 


AWisiea  I, wo  i^urns  in  *o  . 

Marks,  368-A. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Pounds. 
1,000 
5,000 
10,000 
20,000 
25,000 
26.000 
27,000 
28,000 
29,000 
80,000 
81,000 
82,000 
88,000 
84,000 
85.000 
86,000 
38,000 
40.000 
42,000 
44,000 
46,000 
48,000 
50,000 
51,840 
0 

Inch. 

0. 

.0004 
.0010 
.0021 
.0028 
.0080 
.0088 
.0088 
.0041 
.0060 
.0060 
.0072 
.0068 
.0128 
.0146 
.0187 
.0810 
.0450 
.06 
.06 
.10 
.15 
.22 

Inch. 

0. 

0. 

IniUal  load. 

Elastic  limit;  approximate. 

Tensile  strength. 
=26.7  per  cent. 

.0002 

.0019 

.0104 

.80 

Elongation  of  inch  sections,  ".16,  ".46*,  ".18. 
Diameter  at  fracture,  ".38;  area,  .1134  square  inch. 
Contraction  of  area,  54.6  per  cent. 
Appearance  of  fracture,  fibrous. 
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TENSILE   8PE0IMENS    FROM   RUPTURED   ENDURANCE   SHAFTS. 

No.  7870. 

Twisted  3  turns  in  45". 

Marks,  369-8. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


879 


Applied 

loAOBper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounda, 
1,000 
5.000 
10,000 
20,000 
26,000 
80,000 
81,000 
82,000 
88.000 
84,000 
85,000 
86,000 

Inch. 

0. 

.0008 
.0009 

.0019 
.0024 
.0062 
.0084 
.0006 
.0088 

Inch. 

0. 

0. 

1 
Initial  load. 

Tensile  strength. 
=22  per  cent. 

0. 
.0001 

.0042 

.0044 
.0060 
.0058 
.0050 
.0069 
.0065 
.0096 
.0127 
.0152 
.0210 
.0240 
.02fi0 

.0007 

1       87,000 

38.000 
89.000 
40,000 
41,000 
42,000 
48,000 
44,000 

.0040 

45,000 
46,000 

.0177 

47,000    '          .0865 

48,000              .0460 
49,000    ,          .0525 
60,000              .0639 
52,000    >         .0900 
54,000              .18 
56,000              .18 
57,600              .40 
0               OR 

.0575 



Elongation  of  inch  sections,  ".15,  ".38*,  ".13. 
Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 
Contraction  of  area,  49.7  per  cent. 
Fractured  1".55  from  the  neck. 
Appearance  of  fracture,  fibrous. 


Burden's  Best  Iron — Plain  and  Twisted  Bars. 

sectional  area,  .25  square  inch;  gauged  length,  8". 


Ten- 
sion 
test 

Endur- 
ance 
test 

Description. 

Elastic 
limit 

Tensile 
strength 

Elon- 
tfon. 

Con- 
trac- 
tion 

Elongation 
of  inch 

Appear- 
ance of    ' 

num- 
ber. 

num- 
ber. 

per 

sq.  in. 

per 
sq.  in. 

of 
area. 

sections. 

fracture. 

Per 

Per 

Pounds. 

Pounds. 

cent 

cent. 

n     n       H 

7809 

367 

Natural  state 

82,000 

48,000 

83.3 

52.2 

.23,. 52*,. 26 

Fibrous. 

7810 

368 

Twisted  two  turns  In 

45*. 
Twisted  three  turns 

a25,000 

51,840 

26.7 

54.6 

.16,.46*,.» 

Do. 

7870 

869 

(») 

57,600 

22.0 

49.7 

.15,. 88*,.  18 

Do. 

In  46". 

a  Approximate.  h  Indefinite. 

Metal  From  Heads  of  Old  Steel  Rails. 

No.  7728. 

Cammell  toughened  steel,  1872. 
Marks,  344,  Rail  40.     . 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Remarks. 

1 

Elonga- 
tion. 

Set. 

Inch. 

0. 

0. 

Pounds. 
1,000 
5,000 
10,000 

Inch. 

0. 
.0004 
nnin 

\ 
Initial  load.                                                                                 { 

20,000               0021 

80.000 
35.000 
40,000 
45,000 
47,000 

.0081 
.0036 
.0041 
.0048 

0. 
0. 
0. 
.0001 

Elastic  limit,  approximate. 

Tensile  strength. 
=16.3  per  cent. 

50,000 
51,000 

.0060 
.0064 

.0008 

52, 000             .  0068 

58,000    !          .0071 

54, 000               007fi 

55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
62,000 
64,000 

.0080 
.0087 
.0091 
.0102 
.0110 
.0128 
.0161 
nwft 

.0021 

.0060 

1        66.000    {          .0283 

'        68,000    !          .0367 
1        70,000             .0468 
72,000    ,          .06 
76,000             -08 

.0370 



80,000 
84,000 

.11 
.20 

'        85  040 

'                0 

.49 

1 

Elongation  of  inch  sections,  ".08,  ".13,  ".28*. 
Diameter  at  fracture,  ".42;  area,  .1385  square  inch. 
Contraction  of  area,  44.6  per  cent. 
Appearance  of  fracture,  silky,  trace  of  granulation. 


TENSILE   SPECIMENS   FROM   BUITURED    ENDURANCE   SHAIjTS. 

No.  7685. 

Cammell  toughened  steel,  1872. 
Marks,  345,  Rail  41. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


'6^1 


Applied 

SAMRtC 

lath. 

]n  gauged  U'agth^ 

Reni»rlw. 

Sel. 

PoufuU. 
1,000 
5,000 
10,000 
20,000 
80,000 
85.000 
40.000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
52,000 

Inch. 

0. 

.0006 
.0010 
.0021 
.0082 
.0088 
.0045 
.0051 

Inch. 

0. 

0. 

Initial  load. 
ElasUo  limit 

6. 

.0001 

.0066 
.0060 
.0067 
.0076 
.0064 
.0101 

.0029 

54,000    .          .0120 
56,000    1          .0154 
58,000              .0190 
60,000    ,          .0280 
64,000              .08 

.0161 

68,000              .04 
72,000    1          .06 
76,000    1          .09 

Tensile  strength. 
=  6.3  percent. 

80,000    '          .12 

:::::::::::: 

84.000    1          -15 

87,200 

0 

.19 

1 

Elongation  of  inch  sections,  ".07*,  ".07,  ".05. 
Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 
Contraction  of  area,  8.4  per  cent. 

Appearance  of  fracture,  granular,  radiating  from  a  point  in  the  cir- 
cumference opposite  the  top  surface  of  head  of  rail. 


dOZ       TENSILE   SPECIMENS   FROM    RUPTURED   ENDURANCE    SHAFTS. 

No.  7729. 
Sheffield  Atlas  steel. 
Marks,  347,  Rail  47. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

1 
Bemarko. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
86,000 
40,000 
45,000 
60,000 
61,000 
62,000 
68,000 
64.000 
56.000 
66.000 
67,000 
68,000 
59,000 
60,000 
62,000 
64,000 
66.000 
68,000 
70,000 
72,000 
76,000 
80,000 
84.000 
88,000 
92,000 
96,000 
100,000 
104.000 
106.800 
0 

Inch. 

0. 

.0008 
.0010 
.0020 
.0080 
.0066 
.0041 
.0048 
.0056 
.0067 
.0061 
.0071 
.0099 

Inch. 

0. 

0. 

Initial  load. 
ElasUc  llmll. 

0. 

0. 

0. 
.0001 
.0002 

.0117 
.0185 

.0064 

1 

.0154 

.0170 

.0180 

.0200 

.0245 

.0298 

.0340 

.0382 

.0460 

.06 

.06 

.08 

.09 

.10 

.12 

.14 

."18 

.24 

.0130 

.0361 

Tensile  strength. 

.52 

=  17.8  per  cent. 

^*,  Ml. 


Elongation  of  inch  sections,  ".20,  ".21* 
Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 
Contraction  of  area,  27.6  per  cent. 

Appearance  of  fracture,  nne  granular,  radiating  from  a  point  near 
center. 


TENSILE    SPECIMENS    ¥ROK   RUPTURED    ENDURANCE    SHAFTS. 

No.  7730. 
Petim  Glaudet. 
Marks,  348,  Rail  49. 
J)iameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 
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Applied 

loads  per 

oquare 

inch. 

In  8:auged  length. 

Elongir 
tion. 

Bet 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
90,000 
85,000 
40,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
51,000 
52,000 
54,000 
66.000 
58.000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
76,000 
80,000 
84,000 
88,000 
92,000 
94,640 
0 

Inch. 

0. 

.0003 
.0009 
.0019 
.0030 
.0085 
.0040 
.0046 
.0049 
.0055 
.0970 
.0110 
.0185 
.0145 
.0162 
.0216 
.0265 
.0304 
.0860 
.0400 
.0460 
.0580 
.0600 
.0675 
.09 
.11 
.14 
.18 
.25 

Inch, 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=17.3  per  cent. 

0. 
0. 
0. 
0. 
0. 

.0076 

.0284 

.0580 

.52 

.21*,  ".21*. 


Elongation  of  inch  sections,  ".10, 
Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  cent. 

Appearance  of  fracture,  fine  granular,  radiating  from  a  silky  spot 
at  the  circumference. 


Landore  Siemens  steel,  11.73. 
Marks,  349,  Bail  51. 
Diameter,  ".564. 
Sectional  area,  .26  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5.000 
10.000 
20,000 
80,000 
85,000 
86,000 
87,000 
88.000 
89,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45.000 
46.000 
47.000 
48.000 
49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
64,000 
68.000 
72,000 
76,000 
80.000 
84,000 
88,000 
92,000 
98.600 
0 

Inch, 

0. 

.0004 
.0010 
.0020 
.0031 
.0040 
.0046 
.0049 
.0052 
.0058 
.0061 
.0067 
.0070 
.0078 
.0090 
.0098 
.0106 
.0119 
.0180 
.0148 
.0172 
.0198 
.0247 
.0303 
.0351 
.0400 
.0515 
.0650 
.0805 
.10 
.12 
.16 
.20 
.30 

Inch. 

0. 

0. 

Initial  load.                                                                            i 

1 
Elastic  limit. 

Tensile  strength. 
=19.3  per  cent. 

.0001 
.0006 

.0016 

.0042 

.0113 

.0819 

.0707 

.58 

Elongation  of  inch  sections,  ".16,  ".26*,  ".16. 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Appearance  of  fracture,  fine  silky,  mdiating  from  a  silky  spot  at 
circumference.  Lines  of  lighter-colored  metal  on  opposite  siaes  of 
the  stem.     Shoit,  transverse  cracks  developed  along  these  lines. 


TENSILE   SPECIMENS   FBOM  RUPTURED  ENDURANCE  SHAFTS. 

No.  7732. 
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Wilson  Cammell  Dowlais  steel. 
Marks,  351,  Rail  62. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


10.70  guaranteed. 


Applied 

loads  per 

square 

loch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
86,000 
40.000 
45,000 
48,000 
49,000 
50,000 
51,000 
52,000 
58,000 
54,000 
56,000 
0 


In  ganged  length. 


Elonga- 
tion. 


Inch. 

0. 

.0008 
.0009 
.0019 
.0029 
.0084 
.0040 
.0046 
.0060 
.0062 
.0066 
.0069 
.0061 
.0064 


.02 


Set. 


Inch. 
0. 

0. 


0. 
0. 
0. 
.0001 


.0006 


Remarks. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
=iO.  7  per  cent. 


Elongation  of  inch  sections,  ".01,  ".00,  ".01*. 

Contraction  of  area,  inappreciable. 

Appearance  of  fracture,  fine  granular,  radiating  from  a  point  at  the 
circumference  where  a  dark-colored  spot  ".35  by  ".16  existed.  This 
dark-colored  section  has  the  same  character  of  surface  as  the  remain- 
ing part  of  the  fracture,  and  is  thought  to  represent  a  crack  which  was 
occasioned  by  the  hammer  while  straightening  the  ends  of  the  endur- 
ance shaft  after  the  latter  had  been  rough  turned. 


H.  Doc.  521,  58-2 ^25 


950       TENSILE   SPECIMENS  FROM   RUPTUBED   ENDUBAKOE   SHAFTS. 

No.  7749. 

Wilson  Cammell  Dowlais  steel,  10.70  guaranteed. 

Marks  351,  Rail  52,  S3Cond  sample. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 

Inch. 

0. 

.0003 
.0009 
.0019 
.0029 
.0042 
.0045 
.0048 
.0050 
.0052 
.0057 
.0066 
.0072 

Inch. 

0. 

0. 

Initial  load. 

« 

Elastic  limit 

0. 
.0002 

.OOU 

.0079 

.0088 

/        .0101 

.0122 

MM 

.0050 

56,000    1          .0185 
.'i8,000              .0228 
60,000    1          .0265 
64,000    I          .04 
68,000    1          .06 
72,000    1          .06 
76,000    ,          .08 
80,000    1          .10 
84,000              .12 
88,000    1          .16 
92,000              .19 
96,000              .26 

.0200 

97,600 

Tensile  strength. 

0 

.43 

=  14.3  per  cent. 

Elongation  of  inch  sections,  ".08,  ".23*,  ".12. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 

Appearance  of  fracture,  fine  granular,  radiating  from  a  point  in  the 
circumference. 


TENSILE   SPECIMENS  FBOM   BUPTUBED   ENDUBANOE  SHAFTS. 
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No.  7733. 


28  P.  S.  Co.     85. 

Marks,  361,  Rail  56. 

Diameter,  ".564. 

Sectional  area,  .25  square  iDch. 

Gauged  length,  8". 


Applied 

loaoaper 

square 

inch. 

Remarks. 

Elonga- 
Uon. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
35,000 
40,000 
45,000 
48,000 
49,000 
60,000 
61,000 
62,000 
68,000 
64,000 
66,000 
66,000 
67,000 
68,000 
69,000 
60,000 
62,000 
64,000 

Inch. 

0. 

.0008 
.0009 
.0019 
.0080 
.0036 
.0041 
.0047 
.0050 
.0064 
.0059 
.0062 
.0066 
.0070 
.0077 
.0088 
.0096 
.0101 
.0118 
.01-27 
.0147 
.0172 
.0208 
.0240 
.0288 
.0338 
.04 
.05 
.06 
.07 
.08 
.10 
.12 
.14 
.17 
.21 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 

• 

=  15  per  cent. 

0. 
0. 
0. 
.0001 

.0007 

.0027 

.0075 

66  000 

68,000 

70,000 
76,000 

.0250 

80,000 
84,000 
88.000 
92,000 
96,000 
100,000 
104,000 
108,000 
112,000 
116,600 
0 

.45 

Elongation  of  inch  sections,  ".10,  ".14,  ".21*. 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Appearance  of  fracture,  granular.  A  longitudinal  vein  of  less 
ductile  metal  opened  short,  transverse  cracks  along  the  stem  in  the 
vicinity  of  the  fracture. 


Uammell  bnetneid  tougnenea  steel,  loid. 

Marks,  362,  Rail  60. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length.  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
85,000 
40,000 
41,000 
42,000 
48,000 
44,000 
46,000 
46,000 
47,000 
48.000 
49,000 
50,000 
62,000 
64,000 
66,000 
58,000 
60,000 
64,000 
68.000 
72,000 
76,000 
80,000 
80,600 
0 

Inch. 

0. 
.0004 
.0010 
.0020 
.0030 
.0038 
.0041 
.0044 
.0048 
.0052 
.0170 
.0198 
.0280 
.0262 
.0290 
.0320 
.0866 
.0428 
.0506 
.0606 
.0678 
.0784 
.10 
.14 
.18 
.24 
.37 

Inch. 

0. 

0. 

Initial  load. 

Elastlclimit. 

• 

=25. 7  per  cent 

0. 
0. 
.0001 

.0148 

.0801 

.0706 

• 

.77 

Elongation  of  inch  sections,  ".18,  ".40*,  ".19. 
Diameter  at  fracture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47.2  per  cent. 
Appearance  of  fracture,  mie  silky. 
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No.  7735. 

Landore  Siemens  2-72. 
Marks,  363,  BaU  62. 
Diameter,  ".564:. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


loadBper 
HquAre 
luch. 

In  gauged  7ength. 

Elonga- 
tion. 

Set 

Remarks. 

Pounds, 
1,000 
5,000 
10,000 
20,000 
28,000 
80,000 
31,000 
82,000 
33,000 
34.000 
35,000 
36,000 
87,000 
38,000 
89,000 
40,000 
42,000 
44.000 
46,000 
48,000 
60,000 
56,000 
60,000 
64,000 
68,000 
72,000 
76,000 
77,600 
0 

Inck, 

0. 

.0004 
.0010 
.0020 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit,  approximate. 

• 

Tensile  strength. 
=26  per  cent 

.0057 

.0068 

.0060 

.0005 

.0120 

.0185 

.0160 

.0170 

.0198 

.0220 

.0250 

.0800 

.0860 

.0428 

.0485 

.0657 

.06 

.10 

.18 

.17 

.23 

.36 

.0023 

.0091 

.0198 

'    .0488 

.75 

Elongation  of  inch  sections,  ".19,  ".38*,  ".18. 
Diameter  at  fracture,  ".45;  area,  .1590  square  inch. 
Contraction  of  area,  36.4  per  cent. 
Appearance  of  fracture,  silky. 


390       TENSILE   SPECIMENS   FBOM  BUPTUBED   ENDUBANOF  SHAFTS. 

No.  7736. 

Landore  Siemens,  2-72. 
Marks,  364,  RaU  63. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

1 

Elonga- 
tion. 

Set. 

Remarks. 

Pounda. 

1,000 

5.000 

10,000 

20,000 

21,000 

22,000 

23,000 

24,000 

26,000 

26,000 

1        27  000 

Inch, 

0. 

.0004 
.0010 
.0021 
.0024 
.0027 
.0029 
.0031 
.0032 
0036 
!0089 
.0042 
.0047 
.0053 
.0062 
.0071 
.0082 
.0109 
.0118 
.0133 
.0160 
.0175 
.0195 
.0230 
.0245 
.0272 
.0300 
.0328 
.0858 
.0378 
.0450 
.0580 
.07 
.09 
.12 
.16 
.21 
.31 

Inch. 

0. 

0. 

Initial  load. 

.0001 

Elastic  limit,  approximate. 

.0008 

28,000 
29,000 
80,000 
31,000 
32,000 
38.000 
34,000 
35.000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50.000 
56,000 
00,000 
64,000 
68,000 
72,000 
76,000 
78,640 
0 

.0021 

.0077 

.0176 

Rested  under  1,000  poundn  per  square  inch  tension  30 
minutes. 

.0299 

.0460 

Tensile  strength. 

.78 

=26  percent. 

Elongation  of  inch  sections,  ".20,  ".40*,  ".18. 
Diameter  at  fracture,  ".42;  area,  .1385  square  inch. 
Contraction  of  area,  44.6  per  cent. 
Appearance  of  fracture,  silky. 


TENSILE   SPECIMENS   FROM  BOPTURED   ENDURANCE  SHASTS. 
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KETE8TS   OF   STEEL    AND   IRON    BAK8. 


895 


No.  2765. 

Mid  vale  steel  bar  marked  ^^    Second  specimen. 

(See  Tests  of  Metals,  1889,  page  316,  and  1890,  page  695,  for  previous 
tests  of  this  bar.) 

Retested  after  interval  of  rest  of  14  years  5  months. 

Diameter  of  stem  taken  at  3'\  as  in  last  test. 

Sectional  area,  7.068  square  inches. 

Micromometer  set  at  ".1442,  the  reading  when  earlier  test  was  dis- 
continued. 

Original  gauged  length,  10". 


Applied  loads. 

Under  tensile  stress. 

Under  oompresslye 
BtresB. 

Remarks. 

Total. 

Per  square 
inch. 

Elonga- 
tion. 

Permanent 
set. 

Compres- 
sion. 

Permanent 
set. 

Pounds. 
0 
85.340 
70,630 
106,020 
141,860 
176,700 
212.040 
247,380 
282,720 
318,060 
853,400 

Pounds. 
0 

5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40.000 
45,000 
50,000 

5,000 
10,000 
15,000 
20,000 
20,000 
20,000 
25,000 
30,000 
80,000 
30,000 
85,000 
40,000 
20,000 
80,000 
40,000 
40,000 
45,000 
50,000 

5,000 
15,000 
20,000 

5,000 

5,000 
10,000 
10,000 
16,000 
15,000 
20,000 
20,000 
25,000 
25,000 
80,000 
30,000 
35,000 
36,000 
40,000 
40,000 
45,000 
46,000 
50,000 
50,000 

6.000 
10,000 
15,000 
20,000 
25.000 
80,000 
85,000 
40,000 

Inch. 

Inch. 
.1442 

Inch. 

Inch. 
-.1442 

-.1483 
-.  1417 
-.1403 
-.1386 
-. 1371 
-.1364 
-.1339 
-.1309 
--.  1261 
-.1150 

-.1444 

-.1444 

-.1444 

-.1434 

-.1310 

.1342 
.1363 
.1384 

' 

.1313 
.1317 
.1321 

• 

-.1252 

-.1319 

.i384 
.1407 
.1434 

.1*326 
.1334 

-.1229 

-.1328 

.i434 
.  1462 
.1500 

,1843 
.1361 

-.1289 
-.1251 
-.12W 

-.1355 
-.1849 
-.1335 

.1500 
.1586 
.1587 

.1360 
.1379 
.1407 

-.1390 
-.  1352 
-.1332 
-.1380 

.1405 
-.1400 
-.1895 
-.1895 

.1413 

.1395 

-.1804 

-.1895 

.1432 

.1395 

-.1348 

-.1396 

.1449 

.1396 

-  .1330 

-.1893 

.1465 

.1394 

-.1806 

-  .1889 

.1479 

.1390 

C'.'.'.V.'.'.V.'. 

-.1281 

-.1379 

.1489 

.1384 

-.1262 

-.1368 

.1502 

.1379 

-.1217 

-.1350 

.1518 

.1377 

-.1164 

-.1317 

.1540 

.1379 

-  .1072 

-.1241 

.1571 

.1886 

-  .1369 

-  .1849 

-  .1328 

-  .1306 

-  .1279 

-  .1251 

-  .1219 

-  .1177 

1   1   1    1    I    •    i    1      1 

3^0 


BETE8T8   OF   STEEL   AND   TBON    6AB8. 

No.  2765— Continued. 


Applied  loads. 

Under  ten 

Elonga- 
tion. 

sile  stress. 

Under  compressive 
stress. 

Remarks. 

Total. 

Per  square 
inch. 

Permanent 
set. 

Compres- 
sion. 

Permanent 

set. 

Pounds. 

POUTldt. 

45.000 
60,000 
5,000 
10.000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
60,000 
60,000 
50,000 
50,000 
50,000 
50,000 

iTlCh. 

Inch. 

Inch. 

-  .1129 

-  .1054 

Inch. 

-  .1278 

-  .1220 

.1282 
.1254 
.1276 
.1301 
.1326 
.1356 
.1391 
.1434 
.1486 
.1566 
.1560 
.1661 
.1568 

.1222 
.1226 
.1230 
.1237 
.1244 
.1256 
.1270 
.1293 
.1824 
.1870 
.1377 
.1880 
.1381 

1         

1 

1 

-  .iois      -  .ii79 

-  .1015     1     -  -1177 

. 

Test  discontinued.     Set  aside  for  another  interval  of  rest. 

Tension  Tests. 

Double  Refined  Wrought  Iron  from  Elmira  Iron  and  Steel 
Rolling  Mill  Company.. 

No.  7648. 

Retest  of  tensile  specimen  after  interval  of  20  years  4  months.    End 
of  fractured  tensile  specimen  turned  down  from  2-inch  round  bar  to* 
dimensions  given  below.     (For  original  test  of  this  metal  see  Tests  of 
Metals,  1882,  p.  197.) 

Marks,  L  209. 

Diameter,  I'M  29. 

Sectional  area,  1  square  inch. 

Gauged  length,  20".     Stem  21"  long. 


AppUed 

loads  per 

square 

Tnch. 

Pound*. 
1,000 
5.000 
10.000 
20,000 
30,000 
85,000 
40,000 
45,000 
60,000 
66,000 

In  gauged  length. 

. 

Elonga- 
tion. 

Set. 

Indt. 

0. 

0. 
.0001 
.0008 

-  .0008 

-  .0004 

-  .0004 

-  .0004 
"  .0004 

-  .0004 

Remarks. 

Inch. 

0. 

.0080 
.0067 
.0139 
.0212 
.0262 
.0286 
.0826 
.0361 
.0400 

Initial  load. 

10,000 

m 

80,000 
90,000 
10,000 

.0066 
.0140 
.0314 
.0886 
.0861 
.0289 
.0216 
.0141 
.0066 

-  .0004 

Test  discontinued.                               > 

RETESTS   OF   STEEL    AND   IRON   BARS. 
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Double  Refined  Wrought  Iron  from  the  Passaic  Rolling  Mill 

Company. 

No.  7549. 

Retest  of  tensile  specimen  after  interval  of  20  years  4  months.  End 
of  fractured  tensile  specimen  turned  down  from  2-inch  round  bar  to 
dimensions  given  below.  (For  original  test  of  this  metal  see  Tests  of 
Metals,  1882,  page  191.) 

Marks,  S  219. 

Diameter,  1".  129. 

Sectional  area,  1  square  inch. 

Gauged  length,  20".     Stem,  21"  long. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

"&■          set 

Poundti. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
50,000 
65,000 

10,000 

ao.000 

90,000 
40,000 
50,000 
40,000 
30,000 
20,000 
10,000 

Inch. 

0. 
.0029 
.0066 
.0139 
.0209 
.0246 
.0282 
.0816 
.0352 
.0889 

.0066 

Inch. 
0. 
0. 
0. 

-  .0001 

-  .0001 

-  .0002 

-  .0002 

-  .0002 

-  .0002 

-  .0008 

Initial  load. 
Test  discontinned. 

.0189 

.0209 
.0282 
.0861 
.0283 
.0210 
.0189 
.0066 

—  .0002 
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rete8t8  of  steel  and  iron  babs. 
Compression  Test. 


Double  Refined  Wrought  Iron  from  the  Passaic  Rolling  Mill 

CoBiPANY. 


No.  1182. 

Specimen  turned  down  from  a  fractured  tensile  specimen.     Original 
test  made  20  years  4  months  prior  to  the  present  test. 

^ 12"      > 


Marks,  S-219. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10". 


Applied    I 
loads  per  | 
square     ] 
inch. 


Pounda. 
1,000 
5,000 
10,000 
15,000 
'20,000 
25,000 
30,000 
85.000 
40,000 
45,000 
50,000 
55,000 
60,000 
61,500 


In  gauged  length. 


Compres- 

BiOQ. 


Inch. 

0. 
.0014 
.0081 
.0048 
.0065 
.0083 
.0101 
.0118 
.0187 
.0157 
.0186 
.0241 
.0891 


Set 


IjiCh. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0004 
.0015 
.0051 
.0182 


Remarks. 


Initial  load. 


Ultimate  strength. 


Failed  by  triple  flexure. 
Bent  160°  and  then  fractured. 

Appearance  of  fracture,  fibrous  45  per  cent  on  the  tension  side  of 
the  bend,  gi-anular  55  per  cent  on  the  compression  side  of  the  bend. 


NICKEL  STEEL. 
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NICKEL   STEEL. 

Nickel  Steel. 
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SPECIMENS  FROM  A   BILLET  CONTRIBUTED   BY    THE   CARBON   STEEL 
COMPANY,    PITTSBURG,    PA. 

Percentage  of  nickel,  30  per  cent.  Billets  drawn  down  in  the 
Arsenal  smith  shop  and  bars  tested  in  the  natural  state  and  after 
heating  and  quenching  at  different  temperatures. 

No.^  7710. 

Heated  cherry  red  and  quenched  in  brine. 

Marks,  30  Ni-1. 

Diameter,  ".562. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

Hquare 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
16.000 
17,000 
18.000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29.000 
30.000 
31  000 

Inch. 

0. 

.0008 
.0014 
.0019 
.0021 
.0023 
.0027 
.0030 

Inch. 
0. 

.0001    , 
0.            ' 

.0001 

.0034 
.0039 
.0048 

.ooio 

.0054 
.0067 
.0085 
.0120 
.0148 
.0224 
.0272 
.0378 

.0052 

.0039 

32i  000    ;           ft^*^ 

33.000 
34,000 

a^.ooo 

36,000 
38,000 
40,000 
42,000 
44.000 

52;00d 
56,000 
60,000 
64,000 
65,680 
0 

.0615 

.0720 

.0803 

.0915 

.1133 

.1375 

.15 

.18 

.'25 

.33 

.42 

.54 

.74 

.0755 

.1315 

1.29 

1 

Remarks. 


Initial  load. 


ElaNtic  limit. 


Tensile  strength. 
=  43  per  cent. 


Elongation  of  inch  sections,  ".31,  ".67*,  ".31. 
Diameter  at  fracture,  ".28;  area,  .0616  square  inch. 
Contraction  of  area,  75.4  per  cent. 
Appearance  of  fracture,  silky. 


H.  Doc.  621,  6S-2 20 


No.  7711. 

Heated  cherry  red  and  quenched  in  oil. 

Marks,  30  Ni-2. 

Diameter,  ".562. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 
loads  per 
square     ' 
inch,      i 


Pounds. 
1,000 
5,000 
10,000 
15,000 
16.000 
17,000 
18,000 
19,000 
20.000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29.000 
80.000 
31,000 
82,000 
38,000 
34,000 
35,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
64,800 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch, 

0. 

.0005 
.0011 
.0020 
.0022 
.0026 
.0029 
.0088 
.0041 
.0048 
.0068 
.0087 
.0131 
.0198 


.0490 

.0647 

.0665 

.0710 

.0868 

.0920 

.1045 

.1135 

.1262    I 

. 1521     I 

.1750 

.19 

.23 

.26 

.29 

.33 

.37 

.42 

.46 

.52 

.60 


.85 


Set 


Remarks. 


Inch.      I 

0.  Initial  load. 

S: 

.0001      Elastic  limit. 


.0014 


.0164 


.0622 


.1083 


.1683 


Tensile  strength. 
=  44.8  per  cent. 


Elongation  of  inch  sections,  ".33,  ".68*,  ".32. 
Diameter  at  fracture,  ".28;  area,  .0616  square  inch. 
Contraction  of  area,  75.4  per  cent. 
Appearance  of  fracture,  silky. 


NICKSL   STEEL. 
No.  7712. 

Heated  to  a  bright  yellow  and  quenched  in  brine. 

Marks,  30  Ni-3. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loaaeper 

square 

inch. 

In  gauged  length. 

Remarki. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 

Inch. 

0. 
.0008 
.0009 

.0017 
.0020 
.0022 
.0025 
.0028 

Inch, 

0. 

0. 

Initial  load. 
ElasUc  limit 

Tensile  strength. 

0. 

18,000 

19,000 

20,000 
1       21,000 

.0032 
.0068 

.0046 
.0054 
.0066 

.odoe 

22,000 
23,000 
24,000 

25,000 
26,000 

.0079 
onoo 

.0048 

27,000              .0141 
28,000    ,         .0200 
29,000    1         .0260 

■• 

90,000             .0877 
a2,000    1         .0565 

.0835 

i        84.000    ,         .0750 

1       86,000    1         .0950 

,       38  000    '         -Vila 

1       40.000 
44,000 

.1415 
.20 

.1353 

i        48,000 

.26 
.84 
.43 

52,000 

1        56,000 

1        60,000              .56 

64,000    I          -7ft 

65.600 
0 

.::.... 

1.28 

=42.7  per  cent. 

.65*,  ".31. 


Elongation  of  inch  sections,  "i32, 

Diameter  at  fracture,  ".30;  area,  .0707  square  inch. 

Contraction  of  area,  71.7  per  cent. 

Appearance  of  fracture,  silky. 
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NICKEL   STE£L. 
No.  7713. 


Heated  to  a  bright  yellow  and  quenched  in  oil. 

Marks,  30  Ni-*. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loads  per 
square 
inch. 

In  gauged  length. 

1 

Elonga- 
tion. 

Set 

Remarks. 

1 
1 

Pounds. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
!24,000 
25,000 
26.000 
27,000 
28,000 
29,000 
80,000 
82,000 
34,000 
86,000 
88,000 
40,000 
44,000 
48,000 
62,000 
56,000 
60,000 
64,000 
65,600 
0 

Inch. 

0. 

.0004 
.0010 
.0019 
.0021 
.0028 
.0028 
.0081 
.0087 
.0041 
.0054 
.0069 
.0096 
.0160 
.0282 
.0810 
.0425 
.0500 
.0628 
.0805 
.1000 
.1210 
.1450 
.1685 
.22 
.29 
.86 
.45 
.57 
.80 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 
Elastlclimit. 

Tensile  strength. 
=48.7  per  cent. 

.0010 

.0128 

.0685 

.1620 

1.81 



Elongation  of  inch  sections,  ".30,  "^7*,  ".34. 
Diameter  at  fracture,  ".30;  area,  .0707  square  inch. 
Contraction  of  area,  71.7  per  cent. 
Appearance  of  fracture,  silky. 


NIOKEL   STEEL. 

No.  7714. 

Heated  white  hot  and  quenched  in  brine. 

Marks,  30  Ni-5. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

sqaare 

inch.  . 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Pwmda. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
25,000 
26,000 
27.000 
28,000 
29,000 
80,000 
32,000 
84,000 
36,000 
38,000 
40,000 
44.000 
48,000 
52,000 
56,000 
60,000 
64,000 
65,680 
•         0 

Inch, 

0. 

.0002 
.0009 
.0017 
.0020 
.0022 
.0026 
.0029 
.0082 
.0068 
.0042 
.0049 
.0069 
.0070 
.0096 
.0122 
.0187 
.0243 
.0870 
.0662 
.0780 

Inch. 
0. 
0. 
0. 
.0001 

Initial  lowl. 
Elastic  limit 

Tensile  strength. 
a40.7percent 

.0010 

.0040 

.0380 

.1008 
.1228 

.1472 

.10 

.26 

.88 

.42 

.58 

.74 

.1412 

1.22 



Elongation  of  inch  sections,  ".28,  ".65*,  ".29. 
Diameter  at  fracture,  ".30;  area,  .0707  square  inch. 
Contraction  of  area,  71.7  per  cent. 
Appearance  of  fracture,  silky. 


iieatea  wniie  not  ana  quencnea  m  ou. 

Marks,  30  Ni-6. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaoB  por 

square 

inch. 


Pounde. 
1,000 
6,000 
10,000 
15,000 
16,000 
17,000 
18.000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
32.000 
at.  000 
S6,000 
38,000 
40,000 
44,000 
48,000 
52,000 
56,000 
60,000 
63,680 


In  gaugt>d  length. 


Elonga- 
tion. 


Inch. 

0. 
.0006 
.0012 
.0021 
.0023 
.002G 
.0080 
.0032 
.0039 
.0047 
.0068 
.0084 
.0127 
.0200 
.0343 
.0130 
.0579 
.0620 
.0773 
.0980 
.1200 
.1420 
.1720 
.2000 
.26 
.33 
.41 
.51 
.67 


1.! 


Set. 


Inch. 

0. 

0. 
.0001 
.0002 


.0169 


.0782 


.1987 


Remarks. 


Initial  load. 
Elastic  limit. 


Tensile  strength. 
=  43.3  per  cent. 


.69»,  ".31. 


Elongation  of  inch  sections,  ".30, 

Diameter  at  fracture,  ".29;  area,  .0661  square  inch. 

Contraction  of  area,  73.6  per  cent. 

Appearance  of  fracture,  silky. 


NICKEL   STEEL. 

No.  7716. 
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Natural  state. 

Marks,  80  Ni. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loadiB  per 

square 

inch. 

Remarks. 

Elonga- 
tion. 

Bet. 

Pounds. 
1.000 
5.000 
10.000 
15,000 
16,000 
17,000 

Inch. 

0. 
.0005 
.0012 
.0019 
.0020 

Inch. 

0. 

0. 

0. 

0. 

InitUl  load. 
ElaBtic  limit 

Tenfdle  strength. 
=  41.7  per  cent. 

.0022 

18,000    1          .0024 
19,000              .0026 

20,000    '          .0028 
21.000             .0029 
22,000    1          .0031 

.0002 

28,000              .0034 

24,000              .0039 

26,000 
26,000 
27,000 
28,000 

.0044 
.0056 

.0012 

.0069 
.0105 

29,000              .0143 

30,000 
82,000 

.0272 
.0358 

.0185 

84.000 
86,000 
38,000 

.0580 
.0758 
.0970 

40,000 
44.000 

.1172 
.17 
.22 
.28 
.35 
.45 
.49 
.90 
1.25 

.1112 

4&000 

52.000 
56,000 
60,000 
64,000 

68,000 

0 

Elongation  of  inch  sections,  ".30,  ".65*,  ".30. 
Diameter  at  fracture,  ".30;  area,  .0707  square  inch. 
Contraction  of  area,  71.7  per  cent. 
Appearance  of  fracture,  fine  silky. 
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TABULATION  OF  TENSION  SPECIMENS  FROM  SO  PER  CENT  NICKELr 

STEEL  BILLET. 

STEMS  OP  SPECIMENS,  ".564  DIAMETER,  3"  LONG. 


No.  of 
te«t. 

Treatment. 

Elastic 

limit  per 

square 

inch. 

Tensile 
strength 

per 
Kquare 
inch. 

Elon- 
gation. 

Con- 
trac- 
tion of 
area. 

Elongation  of 
inch  Hection.s. 

1 
Appear- 
ance of 
fracture. 

Pounds. 

Pounds. 

PercL 

Perct. 

//       //       ff 

7710 

Heated  cherry  and 
quenched  In  brine. 

16.000 

66,680 

43.0 

7b  A 

.31,. 67*,. CI 

Silky. 

7711 

Heated  cherry  and 
quenched  in  oil. 
Heated  bright  yellow  and 
quenched  in  brine. 

15,000 

64,800 

44.3 

75.4 

.83,. 68*,. 32 

Do. 

7712 

17,000 

65.600 

42.7 

71,7 

.32,. 65*,. 31 

Do.       1 

7713 

Heated  bright  yellow  and 

quenched  in  oil, 
Heated   white  hot  and 

17,000 

66,600 

43.7 

71.7 

.30,. 67*,. 34 

Do. 

7714 

17.000 

65,680 

40.7 

71.7 

,28,. 65*,. 29 

Do. 

quenched  in  brine. 

7715 

Heated   white  hot  and 
quenched  in  oil. 

16,000 

63,680 

43.3 

78.6 

.80,. 69*,. 31 

Do. 

7716 

Natural  state. 

22,000 

68,000 

41.7 

71.7 

.80,. 66*,. 30 

Do. 

CHEMICAL  ANALYSIS. 


Carbon. 

Manga- 
nese. 

.56 

Silicon. 

Sulphur. 

Phos- 
phorus. 

.060 

1 
Copper.  1  Nickel. 

1 

.11 

.01 

.025 

1 
.000            80.8 

BURDEN'S  BEST  IRON.    PLAIN  AND  TWISTED  BARS 
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PLAIN   AND  TWISTED   lEON   BAES. 

First  Series. 
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Specimen  in  Natural  State  and  those  Marked  A  to  F,  inclusive, 

TAKEN  JTROM  THE  SaME   li"   SqUARE   RoLLED  BaR. 

No.  7717. 

Specimen  turned  down  from  a  li"  square  bar. 

mtural  state. 

Diameter,  1".01. 

Sectional  area,  .80  square  inch. 

Gauged  length,  10". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

c 

RemarkB. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
25,000 
30,000 
26,000 
27,000 
28,000 
29,000 
80,000 
31.000 
32,000 
33,000 
84,000 
35,000 

Inches. 

0. 

.0014 
.0032 
.0067 
.0084 
.OIW 
0480 
.0607 
.1470 
.1520 
.1780 
.1950 
.2280 
.26 
.29 
.32 
.36 
.40 
.45 
.60 
.56 
.68 
.83 

1.08 

1.53 

Inch. 
0. 
0. 
0. 
0. 
0. 
.0003 

Initial  load. 

Elastic  limit. 
Load  fell. 

Rested  under  reduced  load  2  minutes. 

.1661 

86,000 
37,000 
38,000 
39,000 
40,000 
42,000 
44,000 
46,000 
48,000 
49.500 
0 

Tensile  strength. 

2.88 

~28. 8  per  cent. 

Elongation  of  inch  sections,  ".18,  ".22,  ".24,  ".26,  ".27,  ".27,  ".28, 
".41,  ".63 ♦,  ".23. 
Diameter  at  fracture,  ".74;  area,  .4301  square  inch. 
Contraction  of  area,  46.2  per  cent. 
Appearance  of  fracture,  fibrous. 
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PLAIN    AND   TWISTED   IRON    BAB8. 

No.  7718. 


li"  square  bar  twisted  one  turn  in  27".     Specimen  then  turned  down. 

Marks,  A. 

Diameter,  1".009. 

Sectional  area,  .80  square  inch. 

Gauged  length,  20". 


ApDlied 

kmus  per 

square 

inch. 

In  gtuiged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

0. 

0. 
.0002 
.0011 
.0036 

Pound*. 
1.000 
6,000 
10,000 
20,000 
25,000 
30,000 
31.000 

Inches. 

0. 
.0028 
.0063 
.0137 
.0180 
.0240 
.0253 
.0270 
.0291 
.0312 
.0:i42 
.0380 
.0430 
.0465 
.0552 
.0663 
.0775 
.0990 
.1190 
.1525 
.1868 
.19 
.20 
.30 
.37 
.44 
.52 
.62 
.74 
.93 

1,20 

Initial  load. 

32,000 

38,000 

34,000 

35,000 
36,000 

.0102 

37,000 

38,000 

39,000 

40,000 
41,000 

.0887 

42,000 

43,000 

44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54.000 
55,000 
56,000 
0 

.  1519 

Re«ted5ininuteflunder45,000poiindBload,8econdapplicatlon.j 

Tensile  strength. 
=12.7  per  cent. 

2.56 

Elongation  of  inch  sections,  ".11,  ".12,  ".10,  ".11,  ".10,  ".11,  ".12, 
".12,  ".13,  ".23,  ".37*,  ".12,  ".10,  ".10,  ".10,  ".10,  ".10,  ".10,  ".11,  ".10. 
Diameter  at  fracture,  ".80;  area,  .5027  square  inch. 
Contraction  of  area,  37.2  per  cent. 
Appearance  of  fracture,  fibrous. 


FLAIlf   AND   TWLSTED  IBON   BAB8. 

No.  7719. 


^16 


li"  square  bar  twisted  i  turn  in  27".     Specimen  then  turned  down. 

Marks,  B. 

Diameter,  1".009. 

Sectionat  area,  .80  square  inch. 

Gauged  length,  20". 


Applied 

loads  per 

sqoare 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
25,000 
80,000 
31,000 
82,000 
83,000 
34,000 
85,000 
86,000 
87,000 
88,000 
89,000 
-      40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
51,000 
62,000 
58,000 
54,000 
0 

Inches. 
0. 

.0028 
.0060 
.0188 
.0195 
.0859 
.0421 

Inch. 

0. 

0. 

0. 
.0006 
.0061 
.0169 

Initial  load. 

Tensile  strength. 
=  20.8  per  cent. 

.0628 

.0640 

.0622 

.1049 

.1200 

.1480 

.1775 

.2120 

.2460 

.26 

.88 

.87 

.44 

.50 

.55 

.65 

.75 

.88 

1.02 

1.21 

1.45 

1.86 

2.80 

4.05 

.0790 

.2142 

Elongation  of  inch  sections,  ".15,  ".17,  ".18,  ".18,  ".18,  ' 
.16j  ".18,  ".19,  ".17,  ".20,  ".28,  ".68»,  ".25,  ".20,  ".17,  ".15, 
Diameter  at  fracture,  ".75;  area,  .4418  square  inch. 
Contraction  of  area,  44.8  per  cent. 
Appearance  of  fracture,  fibrous. 


.19,  ".17, 
.17,  ".18. 
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PLAIN    AND   TWISTED    IRON    BAE8. 

No.  7720. 


li"  square  bar  twisted  1  turn  in  27";  subsequently  annealed  bj 
heating  to  a  full  cherry  and  cooling  in  sand.  Specimen  then  turned 
down. 

Marks,  C. 

Diameter,  1".009. 

Sectional  area,  .80  square  inch. 

Gauged  length,  20". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
25,000 
27,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
38,000 
34,000 
85,000 
86,000 
87.000 
88,000 
89,000 
40,000 
42,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
49,250 
0 

Inches. 
0. 

.0029 
.0063 
.0188 
.0186 

Inch. 

0. 

0. 

0. 
.0008 
.0018 

Initial  load. 

Elastic  limit. 
Load  fell. 

Tensile  strength. 
=26  per  cent. 

.ft'WZO 
.0730 
.1040 
.1860 
.2210 
.2580 
.29 
.38 
.38 
.45 
.51 
.57 
.68 
.72 
.80 
.91 
1.13 
1.42 
1.63 
1.86 
'      2.17 
2.6a 
3.40 

.2850 

5.00 

Elongation  of  inch  sections,  ".26,  ".29,  ".29,  ".27,  ".26,  ".28,  ".56», 
".27,  ".27,  ".24,  ".21,  ".22,  ".22,  ".21,  ".19,  ".19,  ['.20,  ".18,  ".21,"  .18. 
Diameter  at  fracture,  ".76;  area,  .4636  square  inch. 
Contraction  of  area,  43.3  per  cent. 
Appearance  of  fracture,  fibrous. 


PLAIN   AND   TWISTED   IRON   BAES. 
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No.  7721. 

li"  square  bar,  twisted  1  turn  in  27",  then  twisted  hack  1  turn, 
taking  out  the  twist  and  nearly  straightening  the  bar.  Specimen  then 
turned  down. 

Marks,  D. 

Diameter,  1".009. 

Sectional  area,  .80  square  inch. 

Gauged  length,  20". 


loads  per 

square 

inch. 


J\mnd8, 
1,000 
5,000 
10.000 
20,000 
25,000 
80,000 
81,000 
82,000 
88.000 
84.000 
85,000 
86,000 
87,000 
88,000 
89.000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
58,000 
54,000 
65,000 
66,000 
57,000 
68,000 
58,680 
0 


In  gauged  length. 


Elonga- 
tion. 


Set. 


0. 

.0080 
.0065 
.0182 
.0170 
.0218 


.0242 

.0256 

.0270 

.0282 

.0298 

.0817 

.0887 

.0860 

.0687 

.0417 

.0452 

.0518 

.0688 

.0676 

.0800 

.0968 

.1220 

.1620 

.17 

.24 

.28 

.82 

.48 

.68 

.68 

.96 


Inch. 

0. 
.0001 
.0001 
.0002 
.0007 
.0017 


Remarks. 


.0068 


.0088 


.0270 


.1187 


Initialload. 


1.97 


Tensile  strength. 
-9.9  per  cent. 


Elongation  of  inch  sections,  ".08,  ".06,  ".04, 
.08,  ".05,  ".04,  ".04,  ".06,  ".09,  ".11,  ".13,  ".45* 


Diameter  at  fracture,  ".76;  area,  .4536  square  inch 
Contraction  of  area,  43.3  per  cent. 
Appearance  of  fracture,  fibrous. 


05,  ".05,  ".05,  ".08. 
18,  ".12,  ".11,  ".10. 


riuALn    Ai^u    xyviaxjOiUf   Lxuurt    j3ji.xh3« 


No.  7722. 

li"  square  bar,  twisted  i  turn  in  27",  then  twisted  back,  taking  out 
the  twist  and  nearly  straightening  the  bar.  Specimen  then  turned 
down. 

Marks,  E. 

Diameter,  1".009. 

Sectional  area,  .80  square  inch. 

Gauged  length,  20". 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Elonga- 
tion. 

Inches. 
0. 
.0030 

.0132 
.0176 
.0240 
.0250 
.0280 
.0316 
.0851 
.0410 
.0480 
.0650 
.0700 
.0900 
.1190 
.1420 
.1700 
.2150 
.2500 
.2995 
.38 
.42 
.48 
.57 
.68 
.80 
.96 
1.18 
1.48 
2.42 
.1. 76 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
25,000 
80,000 
81,000 

Inch. 

0. 

0. 

0. 
.0002 
.0010 
.0041 

32,000 
83,000 

34,000 

35,000 
36,000 
37,000 
38,000 

.0170 

39,000 
40,000 
41,000 
42,000 

.0892 

43,000 
44,000 
45,000 
46  000 

.2646 

47,000 

48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 

55  000 

0 

1 

" 

Remarks. 

Initial  load. 

\ 

Tensile  strength. 

' 

=  18.8  per  cent. 


Elongation  of  inch  sections,  ".14,  ".14,  ".16,  ".16,  ' 
".15,  ".16,  ".18,  ".21,  ".17,  ".17,  ".17,  ".26,  ".48*,  ".22, 
Diameter  at  fracture,  ".76;  area,  .4418  square  inch. 
Contraction  of  area,  44.8  per  cent. 
Appearance  of  fracture,  nbrous. 


.16,  ".16,  ".14, 
'.21,  ".20,  ".15. 


PLAIN    AND    TWISTED    IBUN    BABS. 
No.  7723. 
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li"  souare  bar,  twisted  i  turn  in  27",  then  twisted  back  one  turn, 
leaving  tne  bar  with  a  twist  of  one-half  turn  in  the  reverse  direction 
from  tne  first  twist.     Specimen  then  turned  down. 

Marks,  F. 

Diameter,  1".009. 

Sectional  area,  .80  square  inch. 

Gauged  length,  20". 


Applied 

lotuis  per 

Hquare 

inch. 

In  gauged  length. 

1 

Elonga- 
tion. 

Set. 

PouTuh. 
1,000 
5,000 
10,000 
20,000 
25,000 
30,000 
31,000 

Tncha. 

0. 
.0028 
.0061 
.0180 
.0172, 
.0221 
.0235 
.0260 
.0264 
.0278 
.0299 
.0321 
.0847 
.0874 
.0410 
.0470 
.0529 
.0600 
.0700 
.0850 
.1095 
.1260 
.1600 
.1930 
.2800 
.2820 
.31 
.40 
.48 
.67 
.70 
.90 

1.41 

-   Tnch. 

0. 

0. 
.0001 
.0002 
.0010 
.0024 

32,000 
83,000 

34,000 
35,000 
36,000 
37,000 
38,000 
39,000 

.0063 

40,000 
41,000 
42,000 
48,000 

.0196 

44,000 
45,000 
46,000 
47,000 
48,000 
49,000 

.0769 

50,000 
51  000 

.2448 

52,000 

58,000 
54  000 

5^,000 
56,000 
57,000 
57,360 
0 

2.67 

Remarks. 


Initial  load. 


Trnsile  «tr«t)gtb. 
^13.4  pijrciint- 


Elongation  of  inch  sections,  'MO,  'MO,  ",10,  ",U,  "40,  M2,  'M2, 
M2, 'M3/M8,  ".51*,  'M8,  'M3,   MO,  MO,  Ml, 'Ml,  "-fm,  "J>7, 

Diameter  at  fracture,  ".74;  area,  *4301  square  inch. 
Contraction  of  area,  46*2  per  centp 
Appearance  of  fracture,  hbrousi 


H.  Doc.  621,  58-2 27 


4liO 


plain  and  twisted  iron  bass. 
Second  Series. 


Specimens  G  to  M,  inclusive,  taken  from  a  Second  li"  Square 

Rolled  Bar. 

No.  7761. 

li"  square  bar,  twisted  li  turns  in  27".     Specimen  then  turned 
down. 
Marks,  G. 
Diameter,  1".009. 
Sectional  area,  .80  square  inch. 
Gauged  length,  20". 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

1 

Remarks. 

Elonga- 
tion. 

Set. 

Poundf. 
1,000 
5,000 
10,000 
20,000 
25,000 
30,000 
31,000 
32,000 
33,000 
34,000 
85,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46.000 
46,000 
47,000 
48,000 
49,000 
60,000 
69,250 
0 

Inches. 
0. 

.0029 
.0064 
.0132 
.0168 
.0216 
.0224 
.0283 
.0246 
.0258 
.0271 
.0290 
.0304 
.0323 
.0346 
.0369 
.0406 
.(MS9 
.0480 
.0524 
.0620 
.0723 
.0869 
.1070 
.1300 
.1580 

Inch. 

0. 

0. 
.0001 
.0001 
.0006 
.0019 

Initial  load. 

Tensile  strength. 
=11  per  cent. 

.0048 

.0106 

.0314 

.1212 

2.24 

Elongation  of  inch  sections,  ".07,  ".06,  ".07,  ".06,  ".07,  ".07,  ".08, 
".07,  ".08,  ".06,  ".08,  ".09,  ".11,  ".13,  ".24,  ".43*,  ".16,  ".13,  Ml,  ".07. 
Diameter  at  fracture,  ".75;  area,  .4418  square  inch. 
Contraction  of  area,  44.8  per  cent. 
Appearance  of  fracture,  fibrous. 


rijAin     Avtu    xv^/xolujU    layjxj     davus* 


No.  7762. 

li"  square  bar,  twisted  2  turns  in  27".     Specimen  then  turned 
down. 

Marks,  H. 

Diameter,  1".009. 

Se<»tional  area,  .80  square  inch. 

Gauged  length,  20". 


1 

Applied 

louds  per 

square 

Inrh. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
25,000 
80,000 
31,000 
82.000 
83,000 
84,000 
35,000 
86,000 
87,000 

Inches. 

0. 

.0027 
.0061 
.0180 
.0167 
.0206 
.0215 
.0228 
.0282 
.0242 
.0268 
.0264 
.0275 
.0287 
.0802 
.0818 
.0334 
.0850 
.0871 
.0896 
.0426 
.0460 
.0491 
.0545 
.0598 
.0688 
.0782 
.0910 
.1130 
.1324 
.1724 
.19 
.23 
.31 
.87 
.50 
.66 

1.05 

1.88 

Inch. 

0. 

0. 

0. 

0. 
.0002 
.0010 

Initial  load. 

Tensile  strength. 
«  9.4  per  cent. 

.0022 

88,000 

89,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49.000 
60,000 
61,000 
62,000 
68,000 
64,000 
65,000 
66,000 
67,000 
68,000 
59,000 
60,000 
61,000 
62,000 
0 

.0062 

.0122 

.0836 

.1309 

Load  on  bar  at  tiiin;  of  rupture,  40,100  p<>unds= 88,400  jxiuiidi^  i>er 
square  inch  on  area  at  fracture. 

Elongation  of  inch  Hfictions,  ",06,  ",07,  ",07,  "<06,  "J)6,  ".07,  ",07, 
".OTj  ".07,  '\m,  ",08,  ",08,  ".08,  ".OS,  ".08,  ",13,  ".44*,  ".11,  ".09,  ".06, 

Diameter  at  fmctui*©,  ".7fi;  area,  .45,30  square  inch* 

Coiitraetion  of  area,  43.3  per  cent, 

Appearance  of  fracture^  fibrous, 


X  IJXXJLX^       jt^X^  U       X   TT  X.^X  C«i^       XX»V/X«        If^XtMOm 


No.  7763. 

li"  square  bar,  twisted  2i  turns  in  27".     Specimen,  then  turned 
down. 
Marks,  I. 
Diameter,  1".009. 
Sectional  area,  .80  squafe  inch. 
Gauged  length,  20". 


Applied 

loaaa  per 

square 

inch. 

In  gauged  length. 

! 

Elonga- 
tion. 

Set. 
Inch. 

S: 

0. 

0. 
.0006 
.0007 
.0016 
.0038 

Remarks. 

Pound*. 
1,000 
6,000 
10,000 
20,000 
25.000 
80,000 
85,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
61,000 
62,000 
53,000 
54,000 
55,000 
66.000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
63,875 
0 

Inches. 
0. 
.0029 
.0064 
.0131 
.0167 
.0208 
.0262 
.0306 
.0320 
.0333 
.0360 
.0365 
.0386 
.0406 
.0424 
.0450 
.0485 
.0516 
.0557 
.0606 
.0672 
.0760 
.0898 
.1021 
.1260 
.1542 
.1960 
.22 
.81 
.41 
.53 
.99 
1.40 

Initial  load. 

Tensile  strength. 
=7  per  cent. 

.0078 

.0166 

.0494 

.1505 

Load  on  bar  at  time  of  rupture,  40,200  pounds=84,140  pounds  per 
square  inch  on  area  at  f  mcture. 

Elongation  of  inch  sections,  ".04,  ".06,  ".05,  ".05,  ".05,  ".05,  ".04, 
".04,  ".05,  ".06,  ".28*,  ".23*,  ".06,  ".06,  ".05,  ".05,  ".04,  ".05,  ".05,  ".04. 

Diameter  at  fracture,  ".78;  area,  .4778  square  inch. 

Contraojtion  of  area,  40.3  per  cent. 

Appearance  of  fracture,  fibrous. 


PLAIN    AND   TWISTED   IRON   BARS. 

No.  7764. 
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li"  square  bar,  twisted  3  turns  in  27".     Specimen  then  turned  down. 

Marks,  J. 

Diameter,  1".009. 

Sectional  area,  .80  square  inch. 

Gauged  length,  20". 


Applied 

loacU  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

0. 

0. 

.0002 
.0010 
.0019 
.0087 

Pounds. 
1,000 
5.0J0 
10.000 
20.000 
30,000 
85,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53.000 
54,000 
55,000 
56.000 
57.000 
58,009 
59.000 
60,000 
61,000 
62,000 
63,000 
61,000 
65,000 
65,525 
0 

Inches. 
0. 

.0030 
.0064 
.0134 
.0209 
.0250 
.0302 
.0314 
.0326 
.0339 
.0353 
.0369 
.0388 
.0402 

Initial  load, 

Rested  nnder  initial  load  i  honr. 

Tensile  strength. 
=6.9  per  cent. 

.0068 

.0423 
.0446 
.W71 
•    .0601 
.0627 

.0132 

.0571 
.0617 
.0675 
.0743 

.0293 

.0858 
.0970 
.1180 
.1419 
.16 
.20 
.26 
.35 
.60 
.81 
1.37 

.0980 

Load  on  bar  at  time  of  rupture,  43,400  pounds  =  80,210  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".04,  ".04,  ".06,  ".05,  ".06,  ".06,  ".07, 
".07,  ".07,  ".06,  ".08,  ".32*,  ".12,  ".05,  ".05,  ".04,  ".04,  ".03,  ".04, 
".02. 

Diameter  at  fracture,  ".83;  area,  .6411  square  inch. 

Contraction  of  area,  32.4  per  cent. 

Appearance  of  fracture,  fabrous,  trace  of  granulation. 


A,  AJ^&X^ 


&X^  J^         J.    \ 


XdXX:«X^        XA\V7^1         AJ./&.KVOS 


No.  7765. 

li"  square  bar,  twisted  3f  turns  in  27".     Specimen  then  turned  down. 

Marks,  K. 

Diameter,  1".009. 

Sectional  area,  .80  square  inch. 

Gauged  length,  20". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51.000 
52,000 
58,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
67,025 
0 

Inches. 

0. 

.0027 
.0062 
.0181 
.0206 
.0249 
.0297 
.0806 
.0817 
.0329 
.0342 
.0366 
.0871 
.0384 
.0400 
.0418 
.0436 
.0461 
.0482 
.0510 
.0535 
.0576 
.0616 
.0667 
.0738 
.0812 
.0920 
.10 
.12 
.14 
.17 
.25 
.34 
.56 
.64 

1.01 

Inch. 

0. 

0. 

0. 

.0001 
.0006 
.0016 
.0080 

Initial  load. 

Tensile  strength. 
=  5.1  per  cent. 

.0055 

.0099 

.0196 

.0495 

Load  on  bar  at  time  of  rupture,  39,200  pounds=74,230  pounds  per 
square  inch  on  area  at  fnu^ture. 

Elongation  of  inch  sections,  ".03.  ".03,  ".03,  ".02,  ".03,  ".04,  ".04, 
".03,  ".04,  ".03,  ".04,  ".04,  ".05,  ".10,  ".31*,  ".06,  ".04,  ".03,  ".04,  ".02. 

Diameter  at  fracture,  ".82;  area,  .6281  square  inch. 

Contraction  of  area,  34  per  cent. 

Appearance  of  fracture,  fibrous,  trace  of  granulation. 


PLAIN   AND   TWISTED   IRON   BABS. 

No.  7766. 

li"  square  bar,  in  natural  state,  turned  down. 

Marks,  M. 

Diameter,  1".009. 

Sectional  area,  .80  square  inch. 

Gauged  length,  10". 
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Applied 

loAOBper 

Bqiure 

inch. 

In  gaug^  length. 

Remarkfl. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
6,000 
10,000 
20,000 
25,000 
80,000 
81,000 
82,000 

27,000 

28,000 
29,000 
80,000 
81,000 
82,000 
88,000 
84,000 
85,000 
86,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48.000 
60,000 
0 

Inches. 
0. 

.0018 
.0080 
.0064 
.0081 
.0097 
.0102 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

Elastic  limit.    T^nad  feU. 

Tentile  strength. 
=  28.4  per  cent. 

/       .0218 
\       .0256 
.0297 
.0780 
.1745 
.19 
.21 
.28 
.26 
.29 
.88 
.41 
.49 
.68 
.72 
.90 
1.22 
2.00 
2.84 

.1628 

Load  on  bar  at  time  of  rupture,  33,400  pounds  =82, 020  pounds  per 
square  inch  on  area  at  fracture. 

Elon^tion  of  inch  sections,  ".21,  ".23,  ".23,  ".27,  ".89,  ".67*,  ".28, 
".24,  ".22,  ".20. 

Diameter  at  fracture,  ".72;  area,  .4072  square  inch. 

Contraction  of  area,  49.1  per  cent. 

Appearance  of  fracture,  nbrous. 


15URDEN'S   15E8T  IRON. 

Specimen  representing  the  metal  in  a  rolled  bar  which  furnished 
three  twisted  shafts  and  one  plain  shaft  for  endurance  tests. 

No.  7767. 

li"  diameter  round  bar.  in  natural  state,  turned  down. 

Marks,  E. 

Diameter,  1".009. 

Sectional  area,  .80  square  inch. 

Gauged  length,  10". 


Applied 

loaaa  per 

Hqiittre 

Inch. 

In  ir&uged  length. 

RemATkB. 

Elonga- 
tion. 

Inchr^. 

0. 

.0014 

.0032 

.0069 

Set. 

P«mnds. 

1,000 

5,000 

10,000 

20,000 

24,000 

Inch. 
0. 
0. 
0. 
.0003 

Initial  load. 

Elastic  limit,  approximate. 

25,000 

.0147 

.0-140 

.0069 

26,000  {           ;5^^ 

27,000    1          .18W 
28,000              .20 
29.000    1          .23 
30,000    !          .26 
31,000               -'2S 

.  1762 

32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38.000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
46,275 
0 

:32 

.36 
.89 
.44 
.50 
.55 
.61 
.66 
.76 
.85 
.96 
1.10 
1.25 
1.54 
2.02 

Tensile  strength. 
28.8  per  cent. 

2.88 

Load  on  bar  at  time  of  rupture,  30,500  =  86,500  pounds  per  square 
inch  on  area  at  fracture. 

Klongation  of  inch  sections,  ".22,  ".22,  ".23,  ".23,  ".21,  ".23,  ".30, 
".61)*,  ".31,  ".24. 

Diameter  at  fracture,  ".67;  area.,  .3526  square  inch. 

Contraction  of  area,  55.9  per  cent. 

Appearance  of  fracture,  hbrous. 
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Fourth  Skkies. 

Bubdek's  Best  Iron. 

Ei^ht  specimens  taken  from  the  same  1  \*'  diamet-er  rolled  bar.  Four 
plain  wi>cciraens,  four  twisted  specimens,  Twii^ted  about  H  turns  in 
2T"  lenj^th.  Testa  made  on  specimens  li"  diameter  and  turned  to 
:imallt?r  diameters  along  the  middle  paii* 


No.  785^. 


> 


.>r 


=L4 


ir25 


Natural  state. 

Diameter,  ".500. 

Sectional  area,  .196  square  incb. 

Gauged  length,  6". 


Ipaoi?  per 

In  tmug^  IfTigtb, 

HemATlu,                                           1 

Elonga- 

Set 

1,00G 
5,000 
10.  OW 
30,000 
2&,000 
2tKD00 

mooo 

SO.  000 

4S.M0 

0 

0. 
.OODH 
.00  IS 
.00341 
.UO&O 
.0060 

.1313 
1.20 
3.40 

Inck. 
0. 

InltUL  ln«d. 

Rla«Uc  lUuil 

Tennlle  itrengtti. 

-r  30  por  <HniU"lvnir*t*on  Iti  ft". 

Elongation  of  inch  sections,  ".30,  ".52*,  ",27,  "-ii^,  ".3l>,  ",25,  ".2«J, 
".24. 

Diameter  at  fracture,  ".34;  area^  .0908  square  inch, 
Conti*action  of  area,  53,7  per  cent. 
Fractured  l."95  from  the  neck. 
Appearance  of  Iractui-c,  librouis. 
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PLAIN   AND   TWISTED    IHON    BAB8. 

No.  7853. 


Twisted  bar. 

Diameter,  ".500. 

Sectional  area,  .196  square  inch. 

Gauged  length,  6". 


Applied 

loaasper 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10.000 
20.000 
25,000 
30.000 
85,000 
40,000 
45,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
0 

Inch. 

0. 
.0008 
.0020 
.0040 
.0050 
.0062 
.0078 
.0066 
.0101 
.0189 
.0151 
.0178 
.0230 
.0340 
.0511 
.0794 
.13 

Inch. 
0. 

Initial  load. 

1 

Tensile  strength. 

=  6.2  per  cent  elongation  in  8". 

0. 

.0002 
.0009 
.0032 

.0385 

.50 

Load  on  bar  at  time  of  rupture,  8,700  pounds  =  85,460  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".03,  ".03,  ".04,  ".02,  ".03,  ".02,  ".03, 
.30*. 

Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  48.1  per  cent. 
Fractured  ".5  from  the  neck. 
Appearance  of  fracture,  fibrous. 


PLAIN    AND   TWISTED   IRON    BARS. 

No.  7854. 


42Y 


Natural  state. 

Diameter,  ".750. 

Sectional  area,  .442  square  inch. 

Gauged  length,  6". 


Applied 

loads  per 

square 

Tnch. 

In  gauged  length. 

Remarks. 

Blonga-    1       j,^# 

Pound*. 
1,000 
5,000 
10,000 
20,000 
25,000 
26,000 

27,000 

28,000 
29,000 
80,000 
82,000 
84.000 
86,000 
88.000 
40,000 
42,000 
44,000 
46,000 
46,650 
0 

Inches. 
0. 

.0019 
.0048 

Inch. 
0. 

Initial  load. 
1  Elastic  limit 

Tensile  strength. 

=28  per  cent  elongation  In  8". 

.0061 
.0066 
r       .0068 
t       .0090 
.0340 
.0960 
.1300 
.1580 
.2015 
.26 
.81 
.38 
.49 
.68 
.87 
1.26 
2.24 

.1225 

Load  on  bar  at  time  of  rupture,  17,100  pounds  =80,510  pounds 
per  square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".18,  ".21,  ".23,  ".26,  ".36,  ".53*,  ".26, 
".22. 

Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 

Contraction  of  area,  51.9  per  cent. 

Fractured  4".  15  from  the  neck. 

Appearance  of  fracture,  fibroui^. 
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PLAIN    AND   TWISTED   IRON   BAB8. 
No.  7855. 


Twisted  bar. 

Diameter,  ".750. 

Sectional  area,  .442  square  inch. 

Gauged  length,  6". 


Applied 

load*  per 

square 

inch. 

In  gauged  length. 

Remarkii. 

ElongBr 
tlon. 

Set. 

Pounds. 
1.000 
5,000 
10,000 
20,000 
25.000 
80,000 
85,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
58,370 
0 

Inch. 

0. 
.0008 
.0019 
.0089 
.0051 
.0063 
.0078 
.0095 
.0101 
.0112 
.0128 
.0150 
.0190 
.0256 
.0460 
.0880 
.16 

Inch. 
0. 

InltUl  load. 

Tensile  strength. 

=7.1  per  cent  elongation  In  8". 

0. 

.0008 

.0078 

.57 

Load  on  bar  at  time  of  rupture,  19,900  pounds=86,900  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".03,  ".04,  ".04,  ".03,  ".03,  ".03,  ".04, 
".33*. 

Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 

Contraction  of  area,  48.2  per  cent. 

Fractured  ".7  from  the  neck. 

Appearance  of  fracture,  fibrous. 


PLAIN   AND   TWI8TKD   IBON    BABS. 

No.  7866. 
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Natural  state. 

Diameter,  1". 

Sectional  area,  .785  square  inch. 

Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Remarka. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20.000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
82,000 
34,000 
36,000 
88,000 
40,0C0 
42,000 
44,000 
46,000 
46,240 
0 

Inches. 

0. 

.0005 
.0015 
.0085 
.0047 
.0060 
.0052 
.0600 
.1214 
.1861 
.18 
.22 
.27 
.88 
.40 
.51 
.60 

1.08 

1.20 

2.34 

Inch. 
0. 

Initial  load. 
ElasUc  limit 

Tensile  strength. 

=»29.2  per  cent  elongation  in  8". 

0. 

.1296 

Load  on  bar  at  time  of  rupture,  30,800  pounds= 80,040  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".20,  ".21,  ".24,  ".28,  ".65*,  ".30,  ".25, 
".21. 

Diameter  at  fracture,  ".70;  area,  .3848  square  inch. 

Contraction  of  area,  51  per  cent. 

Fractured  4".  58  from  the  neck. 

Appearance  of  fracture,  fibrous,  lamellar. 


Diameter,  1". 

Sectional  area,  .785  square  inch. 

Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 

Inch. 

0. 

.0007 
.0016 
.0039 
.0050 
.0060 
.0072 
.0089 
.0092 
.0100 
.0110 
.0120 
.0133 
.0152 
.0178 
.0222 

Inch. 
0. 

Initial  load. 

Tensile  strength. 

=5.7  per  cent  elongation  in  8". 

10,000 

20,000 
25,000 

0. 

30,000 
35,000 

0. 

40,000 
42,000 

.6663 

44,000 

46,000 
48,000 

50,000 
52,000 

.0027 

54,000 

56  000 

58,000 

60,000    1          .0590 

60,380     {         5^ 
0              .'46 

Elongation  of  inch  sections,  ".01,  ".02,  ".01,  ".01,  ".03,  ".33*,  ".04, 
".01. 

Diameter  at  fracture,  ".87;  area,  .5946  square  inch. 

Contraction  of  area,  24.3  per  cent. 

Fractured  3"  from  the  neclk. 

Appearance  of  fracture,  fibrous;  opened  helical  cracks  showing  the 
twist  of  the  bar.     Fractured  in  detail. 


I^MJj\.tLX%        AXIO^       XVTXOXX:*!^      XrwWXl        X>£kXVO« 


No.  7858. 


Natural  state.     Full  section,  not  turned. 
Diameter,  1".26. 

Sectional  area,  1.247  square  inches. 
Gauged  length,  6". 


Applied 

loaa.s  per 

square 

inch. 

In  gauRed  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10.000 
20,000 
25,000 
26,000 
27,000 
28,000 
29.000 
30,000 
32,000 
34,000 
36,000 
38,000 
40.000 
42,000 
44.000 
46,000 
0 

Inches. 
0. 
.0007 
.0018 
.0047 
.0058 
.0059 
.0060 
.1230 
.1885 
.1540 
.20 
.24 
.29 
.36 
.46 
.58 
.80 

Inch. 
0. 

Initial  load. 
ElasUc  limit 

Tensile  strength. 

=34. 2  per  cent  elongation  in  8". 

.00C7 
.0007 



.1470 

2.74 

Elongation  of  inch  sections,  ".25,  ".20,  ".27,  ".29,  ".32,  ".67*,  ".48, 
.25. 

Diameter  at  fracture,  ".87;  area,  .5945  square  inch. 
Contraction  of  area,  52.3  per  cent. 
Appearance  of  fracture,  fibrous. 


jrJLI.AaX«       JXX%1J       XTWXaXM2*LF      XAVrX^ 


No.  7859. 

Twisted  bar.     Full  section,  not  turned. 
Diameter,  1".26. 

Sectional  area,  1.247  square  inches. 
Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
25,000 
30,000 
85,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
0 

Inch. 

0. 

.0007 
.0017 
.0039 
.0050 
.0061 
.0073 
.0069 
.0096 
.0100 
.0106 
.0118 
.0130 
.0139 
.0152 
.0175 
.0203 
.0289 

Inch. 

0. 

Initial  load. 
Tensile  strength. 

0. 

.OOol 

.0003 

.0020 

.0150 

.07 

=0.9  per  cent  elongation  in  8". 

x* 

Elongation  of  inch  sections,  ".00,  ".01,  ".00,  ".01,  ".00,  ".01,  ".01, 
".03. 

Diameter  at  fi-acture,  1".13;  area,  1.0029  square  inches. 

Contraction  of  area,  19.6  per  cent. 

Fractured  outside  the  gauged  length. 

Appearance  of  fracture,  hbrous,  irregular  surface,  opened  helical 
cracks  showing  the  twist  of  the  bar. 


PLAIN   AND  TWISTED   IBON   BAB8. 
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TABULATION  OF  TENSION  TESTS  OF  BURDEN'S  BEST  IRON. 
Plain  and  Twisted  Bars. 

first  series. 


Elastic 

Tensile 

Con- 

No. of 
test 

Treatment. 

limit 

per 

square 

inch. 

strength 

per 
square 
inch. 

Elon- 

trac- 
tion 
of 
area. 

Elevation  of  inch 
sections. 

Appearance  of 
imctnre. 

Pounds. 

Pounds. 

Perrt. 

Perct. 

Inch. 

7717 

Natural  state 

80.000 

49.600 

28.8 

46.2 

.18.  .'H.  .21,  .25.  .27, 

nbroti*. 

7718 

Twisted    1   turn 
in  27". 

(«) 

56,000 

12.7 

37.2 

.11,  .12,  .lU.  .11,  .10, 
.11.  .lit,  .12.  J3,. 28, 
.3T*..n..lO..lO.J0, 
.!!>..  10..  iO,  J  U  JO. 

J>f>. 

7719 

Twi«ted  one-half 
turn  in  27". 

(«) 

54,000 

20.3 

41.8 

.16,  ,17,  .IM,  ,18.   ;i8, 
.1^>.  .17_16,  .lfi..l9, 

.l!iJ.J7,.l5..17tJft. 

Do- 

7720 

Twisted    1   turn 
in  27"  and  an 
nealed  at  full 
cherrv. 

Twisted    1   turn 

27,000 

49,250 

25.0 

43.3 

.28,  .'29.  /2!>.  ,27.   .26, 
.^...S6^..^2T..JT./>I, 
,21,  .n  .22.  .2!,. 19, 
.10,.20,J8,  ,2],J«. 

Do. 

7721 

(«) 

58,680 

9.9 

43.3 

.«<.  M,  M,  ^ii^\  .06, 

Do. 

in     27",     then 

a^,  m,  .«i.  .0^,  .04, 

twisted      back 

.0^,  JM,  .0tt,.ll,.l8, 

one  turn,  near- 

.4.'^r*..lfi,.12,tll,a0. 

ly     straighten- 

ing bar. 

7722 

Twisted  one-half 
turn  in27",  then 
twisted      back 
one-half    turn, 
nearly  straight- 

(«) 

55,000 

18.8 

44.8 

.14,  .14,  .15,  .16,  .15, 
.15,  .14,  .15.  .15,. 18, 
.21,  .17,  .17,  .17,  .26, 
.48,  .22,  .21,  .20,  .15. 

Do, 

7723 

ening  bar. 
Twisted  one-half 
turn  in27",then 
twisted      back 
1     turn,      bar 
now     having 
twist    of    one- 
half  turn  in  op- 
posite   direc- 
tion. 

(«) 

57,260 

IS.  4 

46.2 

.10,  .10,  .10,  .11,  .10, 
.12,  .12,  .12,  .13,. 18, 
.61,  .18,  .13,  .10,  .10, 
.11,  .11,  .09,  .07,  .09. 

Do. 

SECOND  SERIES. 

7761 

Twisted  1|  turns 
in  27". 

(a) 

59,250 

U.2 

44.8 

1-       M-.i        M,        1    . 

07, 
06, 
24, 
07. 

Fibrous. 

7762 

Twisted  2  turns 
in  27". 

(a) 

6%000 

9.4 

43.8 

.01'.    .'."'.    .Il"/,    .ENi, 
JiT.    NT.   ,Cf7,  .07 
.11^..  ,lis     .iW    .im 

Jiv.  .|j«.  .11.  ^n^ 

06. 
06, 
08. 
05. 

Do. 

7768 

Twisted  2|  turns 
in  27". 

(a) 

63,875 

7.0 

40.8 

.m.  .«»■..  .11-,,  i^.. 

ikV     iM.    '.\.  .:•  ' 

lO     in^i     »M     !.►-■ 
.04! 

05, 
06. 
06, 
05, 

Do. 

7764 

Twisted   8   turns 

(a) 

65,685 

6.9 

82.4 

.04,    (H.  .(».  .06, 

.06. 

Fibrous,  trace  of 
granulation. 

in  27". 

,110.  ,07,  m.  .0" 

.06. 

Oft.  .aa*.  .12.  m 

V6. 

1      (M,  M^  m,  M, 

OflL 

.  7765 

Twisted  81  turns 
in  27". 

(a) 

67,025 

5.1 

84.0 

.ttt.   M,  .Ci,l,  .QI, 
,(M.  .(M.  ,Ofl.  .m 
i>l.  .0*.  .0(S.  .10 

m,  M.  M,  m 

.oa. 

Do. 

7766 

Natural  state 

82,000 

50,000 

28.4 

49.1 

.21,  .28,  .33.  .27, 
.57*.  ^,.34,,^ 

.39. 

Fibrons. 

.»)- 

THIRD  SERIES. 

7767 

Natural  sUte 

624,000  !  46,275  '  28.8 

1               1 

55.9 

.22,  .22,  .28,  .23,  .21, 
\23.80,  .69«,.81,.24. 

Fibrous. 

aindeflnitc. 
H.  Doc.  521,  5H-2 28 


t  Approximate. 
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PLAIN    AND   TWISTED   IRON    BARS. 


Plain  and  Twisted  Bars — Continued. 

FOURTH  SERIES. 
[Turned  specimens.] 


Diam- 
eter 
of 

Elastic 

Tensile 

Con- 

1 

No.  of 
teat. 

Treatment. 

limit 

per 

square 

strcfigth 

per 
square 

Elon- 
tfon. 

trac- 
tion 
of 

Elevation  of  inch 
sections. 

Appearance  of 
fracture.            | 

inch. 

inch. 

area. 

1 

Inrh. 

Pounds. 

Pounds. 

Perct.Percl. 

Inch. 

7852 

Natural  state... 

.500 

28,000 

48,120     30.0,53.7 

.30.  .52*.  .27,   .26, 

Fibrous. 

.30,  .25,  .26,  .24. 

7853 

Twisted    about 
3  turns  in  27". 

.500 

(«) 

58,000 

6.2 

48.1 

.03,    .08,    .04,    .02, 
.03,  .02,  .03.  .30*. 

Do. 

7854 

Natural  state . . . 

.750 

27,000 

46,650 

28.0 

51.9 

.18,    .21,    .23,  .25, 
.36,  .63*.  .26,  .22. 

Do. 

7856 

TwI.sted   about 
3  tunis  in  27". 

.750 

(«) 

58,370 

7.1 

48.2 

.03,    .04,   .W,   .08, 
.03,  .03,  .04,  .33*. 

Do. 

7856 

Natural  state... 

1.000 

27,000 

46,240 

29.2 

51.0 

.20,    .2L    .24.   .28, 
.65*,]§0,.26,.21. 

Fibrous,  lamellar. 

7857 

Twisted   about 

1.000 

(«) 

60,380 

5.7 

24.3 

.01,    .02,    .01,   .01, 
.03,  .33*. .04, .01. 

Fibrous;    opened 

3  turns  in  27". 

helical     cracks 

showing  twist  of 

bar. 

[Unturned  specimens.] 


7858 

Natural  state... 

1.26 

27,000 

1 
46,000     34.2 

52.3 

.25,   .26,   .27,    .29, 

i  Fibrous. 

.32,  .67*.  .43,  .25. 

1 

7859 

Twisted  about 
8  turns  in  27". 

1.26 

(«) 

62,000 

0.9 

19.6 

.00,    .01,    .00,   .01, 
.00,  .01,  .01,  .08. 

Fibrous,  Irregular 
>      surface;    opened 

helical  cracks 
1     showing  twist  of 

bar. 

a  Indefinite. 


BUMPING-POST  RAILS. 
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BUMPING  POST  RAILS  FROM  THE  BOSTON  TERMINAL  COMPANY, 

Bail  which  Fractured  August,  1903,  in  Bumping  Post  on  Track 
No.  2,  South  Terminal  Station,  Boston. 

RAIL  ROLLED  BT  THE  BETHLEHEM   STEEL  COMPANY. 

ir57xri3 


Bending  strips  from  head  of  rail  shown  h}-  shaded  sections. 


Mtrlp.   I  bent.  p\^j;^* 


Appearance  of  fracture. 


o    i 

Inch. 

180  I 

.80 

(Tfunular. 

170  i 

.80 

Do. 

176  , 

.80 

Do. 

145 

.9 

Do. 

142 

1. 

Do. 

IM 

1 

.8 

Do. 

All  bends  were  made  with  the  rolled  surface  of  the  strip  on  the  tc^n- 
sion  side,  excepting  No.  4,  which  had  the  broad  surface  nearer  the 
rolled  surface  on  the  tension  side. 
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Bumping- Post  Rail,  Similar  to  Those  Used  in  Blt^ping  Posts 
AT  THE  South  Terminal  Station,  Boston. 

ROLLED   BY   THE   LACKAWANNA   STEEL   COMPANY. 


:Mx:i5^ 


vr56xri3 


Bending  strips  from  head  of  rail  shown  by  shaded  sections. 


No.  of 
strip. 


Angle 
bent. 


46 
29 


106 


159 
180 


Radius 
of  curva- 
ture. 


Inches. 


2.2 
2.2 


1.4 


Appearance  of  fracture. 


Granular  metal,  with  dark  color  immediately  below  the  surface  of 

the  tread. 
Granular:  hilky,  lamellar  at  upper  fillet  of  head  of  rail  ".06  deep. 
Granular;  .«ilky,  lamellar  at  upper  fillet  of  head  ".04 ±  deep.    A  fin 

existed  at  this  fillet. 
Granular:  metal  had  a  dark  color  at  the  edge  of  strip  having  the 

original  surface  of  the  tread. 
Granular. 
Do. 


ll 


Remarks. — ^This  piece  of  rail  had  two  bolt  holes  through  the  web. 
The  head  was  worn  under  the  tread  and  flanges  of  wheels,  and  also 
showed  wear  on  the  under  side  of  the  head  by  splice  bars.  A  fin  was 
thrown  over  along  the  outside  of  the  head. 


STEEL    RAILS. 
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Additional  Tension  Specimens  taken  from  tiie  Head  of  Frac- 
tured BuMPiNG-PosT  Kail  in  the  Vicinity  of  the  Pijice  of 
Fracture. 

At  this  place  the  rail  head  was  uf^set  to  a  depth  of  1".8(>,  from  the 
original  depth  of  r'.46,  measured  at  the  same  place. 


^jurtUKS'"  iis-. 


Hail  rolled  by  the  Bethlehem  Steel  Company, 
from  the  head,  Nos.  1  to  3,  inclusive. 


Tensile  specimens 


Marks. 

Diame- 

Seetlonal 

Tensile  strength. 

1 

Elongation 
in  1  ineh. 

lure.  1  **"^- 
Inch.     P.ct. 

Appearance  of 
iraoture. 

ter.    1     area. 

Per 

Sq.  inch. 

Total. 

square 
inch. 

— 

Inch, 

Pnuyuh. 

i'binwi*. 

Itwh. 

/».  ct. 

1 

.506 

.20 

23,290 

116,450 

.01 

4.0 

.49        5.7 

Granular. 

2 

.606 

.20 

22,770 

113,850 

.02 

2.0 

.50        1.8 

(tramilar;  fractured 

, 

at  neek.                  i 

3 

.506             .20 

26,500 

132,500 

.10  ;  10.0 

.47    1  18.2 

(iranular.                   , 

1 

\ 
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No.  7849. 

Specimen  from  Middle  of  Head  of  Steel  Rail  Rolled  by 
Lackawanna  Iron  and  Steel  Company,  Similar  to  Rails  Used 
IN  Bumping  Posts  at  the  South  Terminal  Station,  Boston. 

Diameter,  ".664. 

Sectional  area,  .25  square  incii. 

Gauged  length,  6". 


Applied 

loads  per 

Hquare 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

RemarlcB. 

Foutid«. 
1,000 
5,000 
10,000 
20,000 
80,000 
35,000 
40.000 
45,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
58.000 
54,000 
55,000 
56,000 
57,000 
58,000 
59.000 
60,000 
62,000 
64.000 
66,000 
68,000 
70,000 
76,000 
80,000 
84,000 
88.000 
92,000 
96,000 
100,000 
104,000 
108,000 
112,000 
0 

Inch. 

0. 
.0006 
.0017 
.0037 
.0057 
.0068 
.0078 
.0088 

Inch. 

0. 

0. 

Initial  load. 

0. 

0. 

.0092 
.0097 
.0100 

.0103 

.0109 

.0113 

.0120 

.0129 

.0142 

.0170 

.0188 

.0230 

.0266 

.0300 

.0365 

.0480 

.0520 

.0608 

.0690 

.10 

.12 

.14 

.16 

.19 

.22 

.26 

.82 

.41 

.65 

.90 

.0003 

Elastic  limit;  approximate. 

.0031 

.0170 

Tensile  strength. 
=  16  per  cent. 

•  .0620 



Load  on  bar  at  time  of  rupture,  25,60()  pounds= 135,74:0  pounds  per 
square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".10,  'M9»,  ".22*,  ".15,  ".13,  ".11. 
Diameter  at  fmcture,  ".49;  area,  .1886  square  inch. 
Conti-actiou  of  area,  24.6  per  cent. 
Fractured  1".3  from  the  neck. 
Appearance  of  fracture,  granular;  silky  spot  at  the  circumference. 
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No.  7850. 

Specimen  from  Middle  of  Head  of  Steel  Rail  Rolled  bt  the 
Bethlehem  Steel  Company. 

This  rail  was  fractured  in  the  bumping  post  on  track  No.  2.  South 
Terminal  Station,  Boston. 

The  specimen  represents  metal  in  the  vicinity  of  the  f  I'acture,  but 
not  where  bent  to  lorm  the  incline  of  the  bumping  fixture. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  6". 


Applied 

loads  per 

nqiiare 

inch. 

In  gauged  length. 

I 
1 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
6.000 
10.000 
20.000 
80,000 
85,000 
40.000 
46,000 
50,000 

51,  oo:) 

62,000 
53,000 
54,000 
65.000 
56,000 
67,000 
58,000 
69,000 
60,000 
62,000 
61,000 
66,000 
68,000 
70,000 
76,000 
80,000 
84.000 
88,000 
92,000 
96.000 
100.000 
104.000 
108,000 
112,000 
116.000 
120,000 
123,200 
1                0 

Inch. 

0. 

.0008 
.0018 
.0088 
.0058 
.0068 
.0079 
.0088 
.0100 
.0103 
.0107 
.0111 
.0118 
.0126 
.0146 
.0165 
.0188 
.0205 
.0241 
.0286 
.0840 
.OSOT 
.0459 
.0528. 
.07 
.09 
.10 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit,  approximate. 

Tensile  strength. 
11.7  per  cent. 

0. 

0. 

.0001 

.0013 

.0107 

.0351 

.12 
.14 
.16 

.18 
.20 
.24 
.28 
.83 
.41 
.63 
.70 



1 

Load  on  bar  at  time  of  fracture,  29,500  pounds  =  144,400  pounds 
per  square  inch  on  area  at  fracture. 
Elongation  of  inch  sections,  ".08,  ".10,  ".04,  ".17»,  ".11,  ".10. 
Diameter  at  fi^acture,  ".51;  area,  .2043  square  inch. 
Contraction  of  area,  18.3  per  cent. 
Fractured  3".l  from  the  neck. 
Appearance  of  fracture,  granular. 


Specimen  from  the  Head  of  Same  Rail  as  No.  7850,  but  taken 
Remote  from  the  Fracture. 

Marks,  4. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

1 

Elonga- 
tion. 

Set. 

Remarks.                                           i 

Pounds. 
1,000 
5,000 
10.000 
20,000 
80,000 
40,000 
45,000 
50,000 
51,000 
52,000 
58,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60.000 
62,000 
64,000 
66,000 
68,000 
70,000 
76,000 
80.000 
84.000 
88,000 
92,000 
96,000 
100.000 
104,000 
108,000 
112,000 
116,000 
120,000 
122,560 
0 

Inch. 

0. 

.0003 
.0009 
.0019 
.0028 
.0089 
.0045 
.0051 
.0058 
.0054 
.0056 
.0058 
.0063 
.0076 
.0086 
.0100 
.0113 
.0128 
.0155 
.0186 
.0218 
.0247 
.0281 
.04 
.05 
.06 
.06 
.07 
.06 
.10 
.11 
.12 
.14 
.18 
.28 

Inch. 

0. 

0. 

Initial  load. 

0. 

! 

0. 

Elastic  limit. 

.0007 

.0060 

1 

.0191 

1 

Tensile  strength. 
=18  per  cent. 

.89 

Elongation  of  inch  sections,  ".15*,  ".15,  ".09. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  21.4  per  cent. 

Fractured  l".l  from  the  neck. 

Appearance  of  fracture,  medium  granular,  silky  near  center. 
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No.  7875. 
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Specimen  from  the  Head  of  Same  Kail  as  No.  7850,  taken  Along 
Side  of  No.  7874,  Remote  from  the  Fracture. 

Specimen  annealed  before  testing. 

Marks,  5. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


In  gauged  lencrth. 


Elonga- 
tion. 


Set. 


Remarks. 


TSmndt. 

1,000 

10,000 
»,000 

ao.ooo 

40,000 

4a,ooo 
eo.ooo 

£6,000 

eo,ooo 

us,  000 
67,000 
AR.ODO 
««,000 
67,000 
68,000 
BO,  000 
70,000 
72,000 
74^000 
76,000 
7S,000 
00,000 
Si,  000 

sa,ooo 

92.000 
MpOOO 
100,000 
1(H,D00 
10«,000 
112,000 

iia^ooo 

124. UOO 

i%8eo 

0 


D. 

,0004 
.0010 
,0030 

.ooao 
,oo«e 

.0047 
.0«y2 
.0067 
.006^ 
.0069 
.0071 
.00^3 
.OOW 
.0^05 
.0151 
.0216 
.0230 
.0263 

.0364 

.0102 

.05 

,06 

.07 

.07 

.08 

.09 

.10 

.12 

.14 

,17 

.22 


.41 


Inch. 

0. 

Ol 


IniUal  load. 


.0001 

""666i' 


Elastic  Umit    LoadfdL 


.mfiO 


.029d 


.'  Tensile  Ftrongth. 
.    ==■  ia.7  per  cent. 


Elongation  of  inch  sections,  '\0%  "jm,  '\23*, 

Diameter  at  fmctuic,  '\47;  areii,  .17B5  square  inch. 

Contnirtioji  of  area,  30 jj  per  cent, 

Fractured  "J»5  from  the  neck, 

Appeamnce  of  fmcturcj  tine  gniiiulur,  silky  lu^ar  center. 


CHEMICAL  ANALYtiEH. 


Bail  Follcil  >>y— 


Carbon. 


ManRa* 


Slliftin. 


BHhiL-Ju'Di  Steel  Co.. 

LaekawAntw  Imn  and  Btv«l  Co., 


,n 


1.14 


.11 
.12 


**"'H^'*r-     ph^ 


.080 


.UfiO 
.067 
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STEEL  BAILS. 
Mateiual  Collected  and  Contributed  by  Mr.  P.  H.  Dudley. 

DESCRIPTION. 

No.  40.— Canimell  toughened  Sheffield  steel,  1872.     4i-iiich,    6&. 

E>und  section.  In  use  in  main  track  of  New  York  Central  and  Hudson 
iver  Railroad  fifteen  years,  then  used  in  yards.  Estimated  tonnage 
which  passed  over  the  rail,  75,000,000  tons. 

No.  41. — Cammell  toughened  Sheffield  steel,  1872.  4i-inch,  66- 
pound  section.     Service  conditions  same  as  rail  No.  40. 

No.  42.— Chas.  Cammell  toughened  steel,  bi-anded  "N.  Y.  C.  &  H. 
R.  R.  R."    4i-inch,  65  pound  section. 

No.  43. — Barrow  steel,  1873  :  :  :  :  :  55.  4i-inch,  65-pound  sec- 
tion. In  main  line  of  New  York  Central  and  Hudson  River  Railroad 
fifteen  years.     Estimated  tonnage,  85,000,000  tons. 

No.  44. — Barrow  steel,  1873,  section  55.  4i-inch,  65-pound  section. 
Service  conditions  same  as  No.  43. 

No.  45.— John  Brown  &  Co.,  Sheffield  Atlas  steel,  1873,  section  2. 
4i-inch,  65-pound  section.  From  New  York  Central  and  Hudson 
River  Railroad  tracks.     Estimated  tonnage,  75,000,000  tons. 

No.  46. — John  Brown  &  Co.,  Sheffield  Atlas  steel,  B/14,  section  68. 
4i-inch,  65-pound  section.     Service  conditions  same  as  rail  No.  45. 

No.  47. — John  Brown  &  Co.,  Sheffield.  4i-inch,  65-pound  section. 
From  tracks  of  New  York  Central  and  Hudson  River  Railroad. 

No.  48. — John  Brown  &  Co.,  sec.  35,  date,  1868.  4-inch  rail.  In 
tracks  of  New  York  Central  and  Hudson  River  Railroad  thirteen 
years.     Estimated  tonnage,  65,000,000  tons. 

No.  49.— PetimGaudet  |  |  |  |  |  |  |  |  |  69.  4i-ineh,  65-pK)und  section. 
From  tracks  of  New  York  Central  and  Hudson  River  Railroad.  Esti- 
mated tonnage,  65,000,000  tons. 

No.  50. — John  A.  Griswold  steel.  4i-inch,  65-pound  section.  In 
tracks  of  New  York  Centi-al  and  Hudson  River  Railroad  fourteen 
years.     Estimated  tonnage,  75,000,000  tons. 

No.  51. — Landore  Siemens  steel.  11.73.  Nay  lor  &  Co.  Sec.  68. 
4i-inch,  65-pound  section.  From  tracks  of  New  York  Central  and 
Hudson  River  Railroad.     Estimated  tonnage,  80,000,000  tons. 

No.  52. — Wilson  Cammell  Dowlais  steel.  10.70  guaranteed.  In 
tracks  of  New  York  Central  and  Hudson  River  Railroad  eleven  years. 

No.  53. — Wilson  Cammell  steel.  4i-inch,  65-pound  section.  From 
tracks  of  New  York  Central  and  Hudson  River  Railroad. 

No.  54. — **D"  brand,  Bethlehem,  1891.  5-inch,  75-pound  section. 
In  tracks  of  Mohawk  and  Malone  Railroad  nine  years. 

No.  55. — Carnegie  Steel  Company.  5i-inch,  80-pound  section.  In 
tracks  of  New  York  Central  ana  Hudson  River  Railroad  six  months. 

No.  56. — 28  P.  S.  Co.  85.  4i-inch,  65-pound  section.  In  tracks  of 
New  York  Central  and  Hudson  River  Railroad  five  years. 

No.  57. — Probably  John  Brown  steel.  4i-inch,  65-pound  section. 
From  tracks  of  New  York  Central  and  Hudson  River  Railroad. 

No.  58. — Head  of  Cammell  steel  rail.     4i-inch,  65-pound  section. 

No.  59.— Same  as  No.  58. 

No.  60. — Cammell  Sheffield  toughened  steel  1873.  4-inch.  In  tracks 
of  Boston  and  Albany  Railroad  sixteen  years. 
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No.  61.— John  A.  Griswold  &  Co.  1873  steel.  4-inch.  In  tracks  of 
Boston  and  Albany  Kailroad  sixteen  years. 

No.  62.— Landore  Siemens  steel  2-72.     Naylor  &  Co.     Sec.  70. 

No.  63.— Landore  Siemens  steel  2-72.     Navlor  &  Co.     Sec.  70. 

Tensile  tests  made  from  webs  of  rails,  endurance  tests  made  from 
heads. 


CHEMICAL  ANALYSES. 


Rail 
num- 
ber. 

40 

Carbon. 

Manga- 
nese. 

Silicon. 

Sulphur. 

Phos- 
phorus. 

.26 

.18 

.17 

.122 

.OSS 

41 

.35 

.13 

.068 

.068 

47 

.53 

.67 

.12 

.060 

.082 

49 

.41 

.78 

.06 

.069 

.076 

61 

.41 

.57 

.02 

.052 

.069 

82 

.50 

.49 

.06 

.118 

.079 

56 

.45 

1.67 

.01 

.061 

.066 

60 

.39 

.43 

.04 

.065 

.081 

62 

.51 

.41 

.04 

.060 

.043 

63 

1 

.44 

.36 

.05 

.062 

.044 
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8TBSL  BAILS. 

Tests  of  the  Friotional  Resistance  of  Steel  Rails  bi 

THEIR  Splice  Bars. 

MATERIAL  CONTRIBUTED  BY  l«l.  P.  H.  DUDLEY. 

No.  10602. 

♦ 

Rail  ends,  90-pound  sections,  with  6-hole  splice  bars,  received  froi 
the  Atlantic  City  Railroad.  * 

Six  I"  track  bolts,  9  threads  per  inch,  used.  Diameter  at  root  k 
threads,  ".73.     Bolts  screwed  up  by  railroad  trackmen. 

Square  wire  lock-nut  device  used  under  the  bolt  nuts. 

Rail  ends  secured  in  the  jaws  of  the  testing  machine  and  f  rictioni 
rpsiHtance  ascertained  under  tensile  stresses  applied  axially  to  tho  raili 

Te^t  with  joint  in  original  condition  received  from  the  trackmen. 


M?vei3a«nc 

TotiLl  «ppned  Uy^K 

RemaskM. 

ihmntU. 

In^h. 

iU.'2fX> 

.Ul 

&4,7€U 

Att 

aC.lQU 

.va 

£7,400 

,(M 

€«/iOU 

.m 

72,(MM1 

,08 

T2.CUU 

,30 

78,000 

.12 

OO.UUO 

.u 

04.UUU 

.1* 

02,  QUO 

.ao 

Tutt  dtsotJUUQiied. 

Specimen  removed  from  the  te^tin^r  machine,  bolti^  i-eleased,  and  end 
of  railfj  again  brought  together  ana  bolts  retightened.  A  28"  tract 
wrench  way  \uieA  in  tightening  tho  bolts,  which  were  ^^trained  to  nearly 
their  maximum  capacity.  One  bolt  was  fractured  and  replaced  by  i 
new  one. 


ToUl  ftpplied  loBdf . 


Movement 

of  nil  cDdfl. 
Ht  )(>IiiL    , 


RemarkA. 


iM. 

Inch. 

6S,D0U 

.m 

A2,UM) 

.m 

«2.000 

.(H 

ti2.iau 

.10 

oo,awJ 

.15 

fi&,W10 

.w 

6H,«W 

,2& 

74,000 

.30 

Te«£  dlupQii  tinned. 


Joint  remade,  alternately  tightening  l)olt  with  the  :28'*  wrench  ant 
hammering  the  angle  baiM  into  place  with  a  liand  fledge. 
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BTEfiL  BAI1£. 


Movement 

Total  applied  loads. 

of  rail  ends 
at  joint. 

Remarks. 

Pounds. 

Inch. 

82,000 

.01 

96,000 

.08 

92,000 

.06 

Throbs;  fluctuations  in  the  resistance  of  the  bars. 

84,000 

.08 

88,000 

.10 

81,000 

.15 

89,000 

.20 

100,000 

.22 

102,500 

.28 

110,000 

.26 

118,000 

.81 

Joint  again  remade,  alternately  tightening  the  bolts  with  the  28" 
track  wrench  and  hammering  the  angle  bars  into  place  with  a  hand 
stedge,  after  which  the  bolts  were  released  and  taken  out,  leaving  the 
an^le  bars  alone,  without  bolts,  holding  the  I'ail  ends  by  the  f  rictional 
resistance  due  to  their  wedge  action  between  the  head  and  base  of  the 
rail. 

The  adhesive  resistance  in  this  condition  was  found  to  be  46,600 
pounds  tension. 


dTSfili  B'ofi  Comparison  of*  testing  machinks. 

No.  7737. 

Marks,  1. 

Diameter  ",798. 

Sectional  area,  .50  square  inch. 

Gauged  length,  8". 
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Aptilied  loads.              In  gallsed  len^h. 

H^mArkfi. 

^^l^      ^'^]^' 

Elimgii' 
Uon. 

K«L 

500             1,000 
2,  MO              ft,  000 
5,000            10.000 
10,000            30.000 

0. 
.0011 
,0024 
,00G» 

.our;v 

.OlOf! 
.OlOH 
.0111 
,01111 
.0115 
.OllH 
.0121 

,oia& 

.01(17 

.(ma. 

.0930 

.19 

.21 

.29 
.34 
.40 

LOO 
l.^ 
2.'i5 

0. 

0. 

Eluttc*  Kroll.    Low!  lelL 
=  2N.l  jM^rrtuil. 

15,000 
20,000 
20,500 
21,000 
21,500 
22,000 

■A  000 

20.500 
21.000 
21,500 
22,000 

iaj,ooo  1 

34,000 
26,000 
26,000 
28,000 
SO. 000 
32,000    1 

U 

30,000 
40.000 
41,000 
1        42,00U 
4S,UtM> 
44,  tiCJd 
4,^U(MI 
46.000 
4*.0oa 
41,000 
42.0UO 

4a.  000 

44,000 
40,000 
4H,D00 
GO,  000 

GO,  000 
60.000 
W.OOi} 

0 

0, 
0. 

Elongation  of  inch  sections,  ".19,  ".20,  ".27,  ".63*,  ".30,  ".25,  ".22, 
".19. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  60.7  percent. 
Fractured  5".  2  from  the  neck. 
Appearance,  fine  silky,  cup-shaped. 
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No.  7738, 

Marks,  2. 

Diameter,  ".798. 

Sectional  area,  .50  square  inch. 

Gauged  length,  8". 


Applied  loads. 

In  gauged  lengtli. 

Remarlu. 

Total. 

Per  square 
inch. 

Elonga- 
Uon. 

Set. 

PmindM. 
500 
2,500 
6,000 
10,000 
15,000 
20,000 
20.50a 
21,000 
21,500 
22,000 
22,600 
28,000 
28.500 
24,000 
24,500 
25,000 
25,500 
20,600 
21,000 
22,000 
28,000 
24,000 
25,000 
26,000 
28.000 
80.000 
32.000 
82,340 
0 

PouncU. 
1,000 
5.000 
10,000 
20,000 
80,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50.000 
51,000 
41,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60.000 
64.000 
64,680 
0 

Inchet. 
0. 

.0010 
.0024 
.0051 
.0078 
.0105 
.0108 
.0110 
.0112 
.0116 
.0117 
.0120 
.0122 
.0125 
.0128 
.0131 

Inch. 

0. 

0. 

IniUal  load. 

Elastic  limit    LoadfeU. 

Tensile  strength. 
=28. 1  per  cent. 

0. 
0. 

0. 

.0250 

.0943 

.18 

.21 

.25 

.29 

.84 

.46 

.66 
1.15 
1.64 
2.25 

Elongation  of  inch  sections,  ".19,  ".21," 
".21 


'.27,  ".63*,  ".29,  ".22, 


Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  60.7  per  cent. 
Fractured  4". 95  from  the  neck. 
Appearance,  fine  silky,  cup-shaped. 


BT^KL   FOR   COMPARISON   OB*  TESTING    MACHINKS. 

No.  7789. 

Marks,  3. 

Diameter,  ".798. 

Sectional  area,  .50  square  inch. 

Gauged  length,  8". 
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Applied  loads. 

In  gauged  length. 

Ratnarkfl. 

ToUl. 

Per  square 
incn. 

Elonga- 
tion. 

i^t. 

Pounds. 
600 
2,500 
5,000 
10,000 
15,000 
20.000 
20.500 
21,000 
21,500 
22,000 
22,600 
23,000 
23,600 
23,820 
20,500 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
28,000 
80,000 
32,000 
82.600 
0 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45,000 
46.000 
47,000 
47.640 
41,000 
42,000 
44,000 
46,000 
48.000 
50,000 
52,000 
56,000 
60,000 
64,000 
65,200 
0 

Inches. 
0. 

.0011 
.0025 
.0053 
.0080 
.0106 
.0108 
.0110 
.0113 
.0116 
.0119 
.0121 
.0124 

0. 
0. 

InUliil  UnvL 

ElajidQ  Limit.    UMdfeJl. 

TeiwJk*  fttKtigtli. 

^m^piiTpeiil, 

0, 
0. 

.0207 

.0760 

.17 

.20 

.24 

.28 

.33 

.45 

.63 
1.00 
1.62 
2.28 

Load  on  bar  at  time  of  rupture,  24,600  pounds =125,250  pounds 
per  square  inch  on  ai'ea  at  fracture. 

Elongation  of  inch  sections,  ".20,  ".25,  ".58*,  ".35,  ".20,  ".24, 
".21^  ".19. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  ai-ea,  60.7  per  cent. 

Fractured  4".  15  from  the  neck. 

Appearance,  fine  silky,  cup-shaped. 


Marks,  4. 

Diameter,  ".798. 

Sectional  area,  .50  square  inch. 

Gauged  length,  8". 


Applied  loads. 

In  gauged  length. 

Total. 

Per  square 
inch. 

Elonga- 
tion. 

Set. 

Remarks. 

1 

Pounds. 
500 
2,500 
5,000 
10,000 
15,000 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 

21,000 

21,500 
22,000 
28,000 
24,000 
25,000 
26,000 
28,000 
30,000 
32.000 
32,370 
0 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 

42,000 

43.000 
44,000 
46,000 
48,000 
50,000 
52,000 
56.000 
60,000 
64,000 
64,740 
0 

Inches. 
0. 
.0011 
.0025 

.ma 

.OUf/9 
.0104 
.0107 
.0110 
.0113 
.0115 
.0118 
.0121 
.0123 
.0126 
.0129 
f        .0219 
1        .0690 
.1440   - 
.17 
.20 
.23 
.28 
.32 
.46 
.68 

1.02 

1. 61 

2.26 

Inch. 

0. 

0. 

Initial  loud. 

£la.stic  limit.    Load  fell. 

Tensile  strength. 
=  28.3  per  cent. 

6. 
0. 

Load  on  bar  at  time  of  rupture,  24,200  pounds= 123,220  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".19,  ".24,  ".27,  ".57*,  ".36,  ".23,  ".21, 
".19. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  60.7  per  cent. 

Fractured  5".34  from  the  neck. 

Appearance,  fine  silky,  cup-shaped. 


8T££L   FOR   COMPARISON    OF   TESTING    MACHINES. 
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No.  7741. 

Marks,  5. 

Diameter,  ".798. 

Sectional  area,  .50  square  inch. 

Gauged  length,  8". 


Applied  loadn. 

In  gauirud  length. 

Remarks. 

Total. 

Per  square 
inch. 

Elonga- 
tion. 

Set. 

0. 
0. 

fiOO 
2,  MX) 
6,000 
10,000 
If^.OOO 

w,ooo 

20,500 
21,000 

•n,!m 

22,000 
22,^00 
23,000 
2f{.?.0© 
24,000 
,       24,500 
21,680 

21,000 

2L5W 
■i2.000 
23,000 
2-IJlOO 
■2S,0OO 

2H,000 
30,000 
82,000 

32,  MO 
0 

1,000 

i  0,^^10 
mooo 

40,(>f^> 

4hfHXf 

IIJKHJ 

A7,  mw 

4K.INV) 

42,000 
43,000 

ii,rwo 
A6,fm 

TifJ.OOO 

&g,ooo 

flO,000 

64,000 

6^000 

0 

non 
.no\i 

.{>10f> 
.0107 

.ouo 

.01T2 
.011 A 
.0117 
.0120 

luktal  If  Mid. 

Elwtfcliroll,    LPdrtML 

Teniile  fttit- n^h. 
-=*^  per  rent. 

0. 
0. 





.0123 
.012tt 
.0129 





1         .01H3 

.0f*9K 

.1675 

.'20 

,23 

.27 

.ai 

1.05 
2.21 

^**"          - 

Load  on  bar  at  time  of  rupture,  24,050  pounds =122,450  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".21,  ".25,  ".35,  ".57*,  <'.25  ".21.  ".21, 
".19. 

Diameter  at  fracture,  ".50;  area,  .19^4  s(juare  inch. 

Contraction  of  area,  60.7  per  cent. 

Fractured  4".  5  from  the  neck. 

Appearance,  fine  silky,  cup-shaped. 


462  STEEL   FOR   OOMPABISON   OF   TESTING    MACHINES. 

No.  7742. 

Marks,  6. 

Diatoeter,  ".798. 

Sectional  area,  .50  square  inch. 

Gauged  length,  8". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Elonga- 
tlon. 

Set 

Pounds. 
500 
2.600 
6,000 
10,000 
15,000 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,600 
25,000 
25,100 

20,600 

21,000 
21,500 
22,000 
28,000 
24,000 
26,000 
26.000 
28,000 
80.000 
82,000 
32,540 
0 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47,000 
48,000 
49,000 
50,000 
50,200 

41,000 

42,000 
43,000 
44,O0U 
46,000 
48,000 
60,000 
52,000 
56,000 
60,000 
64,000 
65,060 
0 

Iiu;hes. 
0. 

.0012 
.0025 
.0052 
.0079 
.0104 
.0106 
.0109 
.0112 
.0115 
.0117 
.0120 
.0123 
.0125 
.  .0127 
.0131 

Inch. 

0. 

0. 

Initial  load. 

Elasticlimit.    Load  fell. 

Tensile  strength. 
=  28  per  cent. 

0. 
0. 

0. 

f        .0261 
\        .0289 
.0812 
.1597 
.17 
.19 
.22 
.26 
.81 
.42 
.61 
.99 
1.38 
2.24 

Load  on  bar  at  time  of  rupture,  24,000  pounds =122,200  poundi^  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".20,  ".23,  ".26,  ".64*,  ".31,  ".21,  ".21, 
".18. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  60.7  per  cent. 

Fractured  5". 25  from  the  neck. 

Appearance,  fine  silky,  cup-shaped. 


STEEL   FOB   OOMPABISON   OF   TESTING   MACHINES. 

No.  774:3. 

Marks,  7. 

Diameter,  ".798. 

Sectional  area,  .50  square  inch. 

Gauged  length,  8". 
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AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Elongation. 

Set. 

Founds. 
600 
2,500 
5.000 
10,000 
15,000 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,600 
23,800 

21,000 

21,500 
22,000 
23,000 
24,000 
25,000 
26,000 
28,000 
30,000 
32,000 
32,280 
0 

Pounds. 
1.000 
5,000 
10,000 
20,000 
80,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
47,600 

42,000 

43,000 
44,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
64,000 
64,560 
0 

Inches. 

0. 

.0012 
.0025 
.0053 
.0079 
.0106 
.0108 
.0111 
.0114 
.0116 
.0118 
.0121 
.0124 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=28.5  per  cent 

0. 
0. 

J        .0166 
t        .0198 
.1062 
.16 
.20 
.22 
.27 
.81 
.48 
.63 
1.06 
1.58 
2.28 

Load  on  bar  at  time  of  rupture,  24,200  pounds  =123,220  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".19,  ".20,  ".24,  ".28,  ".42,  ".52*,  ".23, 
".20. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  60.7  per  cent. 

Fractured  4".29  from  the  neck. 

Appearance,  line  silky,  cup-shaped. 


No.  7744. 


Marks,  8. 

Diameter,  ".798. 

Sectional  area,  .50  square  inch. 

Gauged  length,  8". 


Applied  loads. 

In  gaucred  length. 

Total. 

Per  square 
inch. 

Elonga- 
tion. 

Set. 

•      Remarks. 

Pounds. 
600 
2,500 
5,000 
10,000 
16,000 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,000 
25,500 
25,700 

20,500 

21,000 
21,500 
22,000 
23,000 
24,000 
25,000 
26,000 
28,000 
80,000 
82,000 
82,890 
0 

Pmtnds. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
51,000 
51,400 

41,000 

42,000 
43,000 
44,000 
46,000 
48,000 
60,000 
62,000 
56,000 
60,000 
64,000 
64,780 
0 

Inches. 
0. 
.0011 
.0024 
.0062 
.0078 
.0106 
.0107 
.0110 
.0113 
.0115 
.0117 
.0120 
.0123 
.0126 
.0128 
.0130 
.0133 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=29.4  per  cent. 

0. 
0. 

0. 

j        .0190 
\        .0263 
.0675 
.1643 
.16 
.18 
.21 
.26 
.81 
.43 
.68 
1.06 
1.67 
2.85 

• 

Load  on  bar  at  time  of  rupture,  24,300  pound8= 123,730  pounds  per 
square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".23,  ".31,  ".29,  ".66*,  ".26,  ".22,  ",^1, 
".18. 

Diameter  at  fracture,  ".60;  area,  .1964  square  inch. 

Contraction  of  area,  60.7  per  cent. 

Fractured  5"  from  the  neck. 

Appearance  of  fracture,  fine  silky,  cup-shaped. 


STEEL   FOB   COMPARISON    OF   TESTING   MACHINES. 

No.  7745. 

Marks,  9. 

Diameter,  ".798. 

Sectional  area,  .50  square  inch. 

Gauged  length,  8". 
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Applied  loadH. 

In  gauged  length. 

Remarks. 

Total. 

Per  squaru 
inch. 

Elonga- 
tion. 

Set. 

Poundt. 
500 
2,500 
5,000 
10,000 
16,000 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,470 

21,000 

21,500 
22,000 
23.000 
24,000 
25,000 
28,000 
28,000 
80,000 
32,000 
32,420 
0 

Ptmfuis, 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
48,940 

42,000 

43,000 
44,000 
46,000 
48.000 
50,000 
'62,000 
56,000 
60,000 
64,000 
64,840 
0 

Inches. 
0. 

.0011 
.0025 
.0053 
.0079 
.0106 
.0109 
.0111 
.0114 
.0117 
.0119 
.0122 
.0124 
.0127 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=  27. 8  per  cent. 

0. 
0. 

f        .0239 
1        .0464 
.1625 
.16 
.18 
.21 
.26 
.30 
.42 
.61 
1.02 
1.53 
2.22 

Load  on  bar  at  time  of  rupture,  24,100  i)ouiid»= 122,710  iK)undH 
per  square  inch  on  area  at  fracture. 

Elongation  of  inch  sections  ".19,  ".18,  ".22,  ".34,  ".60*,  ".27,  ".22, 
".20. 

Diameter  at  fracture,  ".50;  area,  .1964  stjuare  inch. 

Contractions  of  area,  60.7  per  cent. 

Fractured  at  the  middle  of  the  stem. 

Appearance,  fine  silky,  cup-shaped. 


H.  l>Of.  551,  58-2- 
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No.  7746. 


Marks,  10. 

Diameter,  ".798. 

Sectional  area,  .50  square  inch. 

Gauged  length,  8". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Elonga- 
tioil. 

Set. 

Fownds, 

500 

2,500 

5,000 

10,000 

16,000 

20,000 

20,500 

21,000 

21.500 

22,000 

22,500 

28,000 

28,500 

28,780 

20,500 

21,000 
21,500 
22,000 
28,000 
24.000 
25,000 
26,000 
28,000 
80,000 
82,000 
82,180 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
47,560 

41,000 

42,000 
43,000 
44,000 
46,000 
48,000 
50,000 
52,000 
66,000 
60,000 
64,000 
64,260 
0 

Inches. 
0. 

.0011 
.0024 
.0068 
.0060 
.0106 
.0106 
.0111 
.0113 
.0116 
.0118 
.0121 
.0123 

Inch. 

0. 

0. 

InitUl  load. 

Elastic  limit.     Load  fell. 

Immediate  elongation. 

Elongation  after  sustaining  load  20  minutes. 

Tensile  strength. 
=27.6  per  cent. 

0. 
0. 

f        .0179 

t        .1442 

.1460 

.1580 

.1650 

.20 

.24 

.28 

.38 

.46 

.65 

1.19 

1.58 

2.21 

Load  on  bar  at  the  time  of  rupture,  24,050  pounds  =122,450  pounds 
per  square  inch  on  area  at  fracture. 

Elongation  of  inch  sections,  ".19,  ".21,  ".25,  ".54»,  ".39,  ".24,  ".21, 
".18. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  60.7  per  cent. 

Fractured  at  the  middle  of  the  stem. 

Appearance,  fine  silky,  cup-shaped. 
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TURNED  WOODEN  STICKS  AND  STEEL  TUBING. 
TRANSVERSE  TESTS. 
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WOOD,   AND   STEEL   TUBING.  47 

Transverse  Tests  of  Turned  Wooden  Sticks  and  Steel  Tubinc 

End  supports,  38"  apart. 

Middle  plunger,  li"  length  of  bearing. 

Curved  seats,  leather  lined,  at  middle  plunger  and  end  supports. 


Kind  ot  material. 


WelflTht. 


'  Inehea. 

White  pine 40.07 

Oregon  pine  (1) 40.08 

Yellow  pine 40.06 

Hlclcory 40.08 

Steel  tube '  40.04 

Oregon  pine  (2) 40.06 

Oregon  pine  (8) I  40.07 


TraninrerBe  Htrenifth. 

Total. 

Moduhu 

of  rapture 

per  square 

Inch. 

I'ound*, 
1,224 
1,666 
2,990 
2,600 

PwindB, 

9,240 

11,760 

22,680 

19,640 

2,020 

74.000 

8,720 
8,180 

18,880 
10,860 

Sample  of  Oregon  pine  (1)  bejB^n  to  crack  under  1,400  pounds  load. 

Wooden  samples  fractured  with  splintering  breaks  on  the  tension 
side  at  the  midale  of  their  lengths. 

The  steel  tube  buckfed  on  the  compression  side  at  the  middle  of  its 
length. 


Deflectlonn. 

Applied 

loads. 

White 
pine. 

Oregon 
pine(l). 

Yellow 
pine. 

Hickory. 

Steel  tube. 

pine  (2). 

Oregon 
pine  (8). 

Indi. 

Pouwh. 

Inch. 

Inch. 

Inch. 

Inches. 

Inch. 

Inche*. 

200 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

400 

.18 

.12 

.07 

.07 

.02 

.08 

.02 

600 

.27 

.23 

.12 

.16 

.06 

.09 

.09 

800 

.41 

.87 

.19 

.22 

.11 

.12 

.18 

1,000 

.66 

.48 

.26 

.30 

.14 

.16 

.19 

200 

.08 

.M 

.01 

.02 

.01 

0. 

0. 

1,200 

.84 

.67 

.32 

.89 

.19 

.21 

.23 

1,400 
1,600 

.89 

48 

28 

26 

29 

.44 

.68 

.81 

.81 

.82 

1,800 

.62 

.67 

.43 

.86 

.88 

2,000 

.60 

.78 

.92 

.89 

.42 

200 

.08 

.10 

.60 

0. 

.01 

2,200 

.66 

.92 

.42 

.47 

2,400 

.73 

1.08 

.48 

.62 

2,600 
2,800 

.88 

.52 

.69 

.92 

.69 

:64 

8,000 

.66 

.      .73 

200 
8.200 
8,400 

200 
8,600 

.03 
.72 

.06 

.82 

.11 
1.01 

TESTS  OF  MCKIM  GASKETS  UNDER  HYDROSTATIC 

PRESSURES. 
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GASKETS. 
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OEKEEAL   EEMAEK8   AlfB   COKCLUSIOirS   OK   THE   EFEIdEKCY 
OF  THE   M'KIM   OASSiETS. 

1.  In  its  construction  the  gasket  provides  the  means  of  seating 
against  surfaces  of  considemble  irregularity. 

2.  The  sheet-copper  envelope,  while  retaining  the  softer  material 
inclosed  therein  from  lateral  flow  beyond  the  ordinary  limits  of  the 
gasket,  pei-mits  the  latter  to  flow  and  acconmiodate  itself  to  the  sur- 
faces of  the  joint. 

3.  The  joint  possesses  durability  and  may  be  made  and  broken 
without  apparent  injury. 

4.  The  efficiency  of  the  joint  depends  upon  the  initial  compression 
of  the  gasket  by  the  gland. 

5.  Under  the  conditions  of  the  present  test  excessive  hammering  of 
the  wrench  on  the  gland  was  required  to  make  a  tight  joint  for  pres- 
sures above  600  to  800  pounds  per  square  inch. 

6.  The  difficulty  of  making  tight  joints  against  high  pressures  appears 
to  limit  the  usefulness  of  the  packings  to  nie  pressures  last  mentioned. 
This  conclusion  has  reference  to  present  dimensions  of  glands  and  to 
the  number  of  square  inches  of  surface  over  which  the  joints  are  made. 

Three  McKim  gaskets  were  made  up  in  the  arsenal  machine  shop, 
being  seated  in  recesses  in  a  12-inch  mortar  carriage  recoil  cj^linder,  the 
dimensions  of  which,  and  the  glands  used  therewith,  were  as  follows: 


Gaskets. 

Glands. 

Number     Exterior 
of—        diameter. 

1 

Interior 
diameter. 

Diameter. 

Threadii 
per  Inch. 

1 
2 

1 

Inches. 
9.26 
2.80 
1.86 

Inches,     i     Inches. 
8.                   8. 
2.08               2.08 
1.26               1.26 

6 
6 

7 

The  gaskets  were  seated  under  the  heads  of  the  glands,  and  seating 
pressures  received  over  the  full  surface  of  each  gasket.  The  glan£ 
were  screwed  down  by  means  of  forked  wrenches  or  spanner,  and 
tightened  by  sledging  the  wrench  in  conjunction  with  a  pull  being 
exerted  on  tne  handle  of  the  wrench. 

There  was  a  rapid  application  of  3,200  pounds  per  s(][uare  inch  to  the 
packings,  which  caused  them  to  leak.  Kepeated  applications  resulted 
in  the  same  manner. 

Releasing  the  pressures,  the  glands  were  tightened  as  before  and 
testing  resumed  under  lower  pressures. 

At  800  pounds  pressure  the  joints  were  tight; 

At  1,000  pounds  pressure  slight  leakage  at  8"  by  9". 25  gasket; 

At  1,200 pounds  pressure  large  and  one  medium  sized  gaskets  leaked. 

Pressures  released  and  glands  again  tightened. 

At  800  pounds  pressure  the  joints  were  tight; 

At  1,000  pounds  pressure  leaked  an  occasional  drop  at  8"  by  9". 25 
gasket; 

At  1,200  pounds  pressure  leaked  an  occasional  drop  at  8"  by  9".25 
gasket; 

At  2,000  pounds  pressure  dropped  faster; 

At  2,200  pounds  pressure  large  and  one  medium  sized  gaskets  leaked. 
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GASKETS. 


Joints  now  broken  by  backing  off  the  glands,  and  remade  as  bef  oro. 

At  600  pounds  pressure  the  joints  were  tight; 

At  800  pounds  pressure  one  medium-sized  gasket  leaked  slightly, 
but  was  stopped  by  tightening  the  gland; 

At  1,000  pounds  pressure  the  joints  were  tight; 

At  1,200  pounds  pressure  large  gasket  leaked  slightly;  again  tight- 
ened the  gland; 

At  1,400  pounds  pressure  the  joints  were  tight; 

At  1,600  pounds  pressure  the  joints  were  tight; 

At  1,800  pounds  pressure  the  joints  were  tight; 

At  2,000  pounds  pressure  the  joints  were  tight; 

At  2,200  pounds  pressure  the  joints  were  tight; 

At  2,400  pounds  pressure  leaked  an  occasional  drop  at  the  medium- 
sized  gasket; 

At  3,000  pomids  pressure  large  and  medium  sized  gaskets  leaked; 
again  tightened  the  glands; 

At  3,200  pounds  pressure  an  occasional  drop  leaked  past  the  larg« 
and  medium  sized  gaskets. 

Test  discontinued. 

The  smallest  and  one  of  the  medium  sized  gaskets  remained  tight 
throughout.  The  gaskets  were  in  good  condition  at  the  end  of  the 
test. 

The  construction  of  the  McKim  gasket  and  the  general  behavior  of 
those  tested  lead  to  the  conclusions  prefixed. 

There  were  six  so-called  "  fiber"  gaskets  used  about  the  recoil  cylin- 
der during  the  above  tests.     Their  dimensions  were  as  follows: 


Fiber  gaskets. 

Glands. 

Number 
of- 

1 
5 

£xterior 
diameter. 

Interior 
diameter. 

Diameter. 

Threads 
per  inch. 

6 

7 

2.49 
1.74 

Inrfies. 
1.99 
1.24 

1.99 
1.24 

These  joints  remained  tight  throughout  the  test. 
The  annular  wi<lths  of  the  fiber  gaskets  were  less  than  the  widths  of 
the  McKim  gaskets,  as  here  shown: 


Name  of  gasket. 

Exterior 
diameter. 

Annular 
width. 

McKim..... 

Inrfie*. 
9.25 
2.80 
l.K> 
2.49 
1.74 

Inch. 
.626 
.36 
.30 
.25 
.25 

Do 

Do 

Fiber 

Do 

The  difficult}^  in  making  tight  joints  was  greater  with  the  wider 
gaskets. 

The  recoil  cylinder  was  assembled  with  its  piston  in  place.  Garlock 
braided  packing*  was  used  about  the  piston  rod  at  the  cylinder  heads. 
Diameter  of  piston  rod,  3". 50.  Its  gland  measured  4". 77  exterior 
diameter,  and  had  6  threads  per  in(.'h.  Leakage  occured  about  the 
packing,  necessitating  freauent  tightening  of  the  gland  by  means  of 
spanner,  which  was  sledgea. 
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TEST  OF  '  KOHEST"  BSAEIKO  METAL. 

Two  kinds  of  metal  were  submitted,  a  dark  colored  and  a  lighter 
colored  metal.     The  following  tests  were  made: 

Compression  tests. 

Indentation,  or  hardness,  tests. 

Frictional  tests  with  a  weighted  steel  shaft  in  a  box  lined  with  the 
bearing  metal. 

Specific  ffravity  determinations. 

Chemical  analyses. 

Compression  Tests. 

Specimens  from  Bars  Cast  in  Wooden  Molds  at  Watertown 
Arsenal  and  Turned  to  Finished  Dimensions. 


DARK-COLORED  METAL. 


Length,  8".     Diameter,  1".128. 
Sectional  area,  1  square  inch. 
Gauged  length,  4", 


ApDlied 

loads  per 

square 

inch. 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 
500 
1,000 
1,000 
1,500 
1.500 
2,000 
2,000 
2,600 
2,600 
8,000 
3,000 
8,500 
8,600 
4,000 
4.000 
4,500 
4.500 
5.000 
5.000 
5,600 
5,500 
6,000 
6,000 
6,500 
8,200 

hieh. 
0. 
.0008 

.0010 
.0019 
.0020 
.0029 
.0080 
.0039 
.0041 
.0050 
.0052 
.0068 
.0065 
.0076 
.0079 
.0091 
.0095 
.0105 
.0113 
.0126 
.0186 
.0154 
.0178 
.0239 



Inch. 
0. 

Initial  load 

Compression  after  5  minutes. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ultimate  strength. 

.0003 

.0005 

.0006 

.0008 

.0011 

.0015 

.0020 

.0025 

.0084 

.0051 

.0089 

Failed  by  triple  flexure. 
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BEARING   METALS. 


LIGHT-CX)IiORED  METAL. 


Length,  8".     Diameter,  1".129. 
Sectional  area,  1  square  inch* 
Gauged  length,  4". 


Applied 

loads  per 

square 

inch. 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 
500 
1,000 
1,000 
1,600 
1,500 
2,000 
2.000 
2,600 
2,500 
8.000 
3,000 
3.600 
4,000 
4,500 
6,000 
6,500 
6,000 
6,500 
8,500 

iHCh. 

0. 
.0007 
.0017 
.0024 
.0031 
.0040 
.0047 
.0065 
.0066 
.0074 
.0090 
.0100 
.0116 
.0189 
.0165 
.0204 
.0260 
.0349 

Inch. 
0. 

Initial  load. 

Compression  after  5  minutes. 

Do. 

Do. 

Do. 

Do. 

Ultimate  .ttrenifth. 

.0011 

.0020 

.0030 

.0044 

.0057 

Failed  b}'  triple  flexure. 

Relative  hardness  determined  by  means  of  cut  made  with  pymmidal 
indenting  tool. 

Owing  to  the  lower  resistance  of  bearing  metals,  in  comparison  with 
the  hardness  of  steel,  indenting  loads  of  1,000  pounds  were  u.scd 
instead  of  10,000  pounds  employed  for  steel. 

In  the  present  case,  one  sample  each  of  the  dark  and  the  light-col- 
ored '^Noheet"  metal  were  indented,  and  a  sample  of  bearing  metal 
branded  ^'Torrey  Antifriction  Metal." 


Kind  of  metal. 


*  Noheet,"  dark  colored  . . . 
'Noheet,"  light  colored .. . 

*  Torrey  Antifriction  Metal 


Indenting 
pressure. 

Length  of 
out. 

Pounds, 
1,000 
1,000 
1,000 

7imA. 
.577 

A  cast-iron  box  was  lined  with  ''Noheet"  dark-colored  metal,  cast 
in  place  and  bored  to  obtain  a  smooth  bearing  surface. 
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SKETCH   OF    TESTING    FIXTURE. 
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Weight  of  lead  and  hubs,  2,870  pounds. 


CA**T-IRON    BOX, 


Finished  dimcnsioni^  of  iKiaring:  Diameter,  5";  length,  4i". 

The  behavior  of  a  ^veighted  shaft  wuh  determined,  imparting  rotary 
motion  to  the  same  by  means  of  a  cord  and  falling  weiglit.  Two  lead 
wheels  were  u«ed,  the  at^gregate  weight  of  which,  with  their  Inibs  and 
drumi*,  was  2,870  pounds.  The  falling  weight,  a  cast-iron  fephcricsil 
shot,  weighed  175  pounds.  The  diameter  of  the  cord,  a  braided  linen 
line,  WHS  ",23,     The  lubricant  wms  sperm  oil, 

A  number  of  preliminary  experiments  were  made^  in  which  the  cord 
was  wmpped  around  one  of  the  leatl  wheels,  24"  diameter.  After  this; 
the  cord  was  wrapped  around  one  of  the  5"  drums.  In  each  case  tlie 
weight  dropped  16  feet  li  inches. 

When  the  cord  was  used  over  the  24"  wheelj  the  175-pound  weight 
promptly  imparted  a  rotary  motion  to  the  loaded  s^haft.  When  the 
cord  wa's  wrapped  around  the  5"  drum  the  175  pound  weight  wa^; 
insufficient  to  overcome  the  frictiomil  re^jistance,  and  it  wa^  uec^issary 
to  atart  rotation  of  the  .shaft  by  the  hand. 

H.  Doo,  621,  B>^2 31 


pound  weight,  and  thereafter  until  rotation  ceased: 


Number 

Total 

of  experi- 

number of 

Remarkn. 

ment. 

rotatioDH. 

1 

51 

175-pound  falling  weight  acting  on  cord  wrapped  around  24"'  diameter 
of  lead  wheel. 

2 

8 

3 

10 

4 

9 

5 

10 

6 

lU 

7 

11 

8 

10* 

9 
10 
11 

12 
181 
164 

175-pound  falling  weight  acting  on  cord  wrappe<l  around  5^^  drum. 

12 

111 

13 

14* 

14 

161 

Direction  of  rotation  of  sliaft  reyersed.                                                                                            I 

15 

16 

16 

18 

17 

20i 

18 

18 

19 

181 

20 

18i 

Test  discontinued. 

CHEMICAL  ANALYSES. 


- 

Kind  of  metal.                     Copper. 

Tin. 

Lead. 

Iron. 

Anti- 
mony. 

Magnc- 
sitim. 

"Noheet,"  dark  colored 

.26 
7.86 

98.25- 
67.00 
8L06 

.04 

.96 

•'  Noheet,"  light  colored i         .46 

25.20 
19.00 

"  Torrey  Antifriction  Metal" ' 

1 

SPECIFIC  GRAVITY  DETERMINATIONS. 


Kind  of  metal. 


•  Noheet,"  dark  colored  . . . . 

"  Noheet,"  light  colored 

"Torrey  Antifriction  Metal" 


Specific 
gravity. 


I 


10.739 
9.710 
10.066 


CORDAGE. 
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CORDAGE. 
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LINEK  SHOT  LINES  FOR  THE  UNITED  STATES  LIFE-SAVING 

SEEVIGE. 

No.  9  Shot  Lines. 

Diameter,  ".29. 

Three  strands  of  16  threads  each. 

Lay  one  turn  in  V'A. 

Tested  in  4-foot  lengths. 


No.  of 

Weight 

End  of 

Tensile 

Parteil. 

test. 

of  coll. 

coil  tested. 

strength. 

Lbs.  ozH. 

Poimils. 

1 

35      4 

Outside... 

1,118 

1  strand  at  the  pin. 

2 

35      8 

do.... 

1,210 

Do. 

8 

35      4 

Inside.... 

1,216 

Do. 

4 

85      8 

Outside... 

1,120 

Do. 

5 

35      8 

do.... 

1,200 

Do. 

6 

85      4 

Inside  — 

1,200 

1  strand  14"  from  the  pin. 

7 

35      8 

OuUide... 

1,184 

1  .strand  at  the  pin. 

8 

85      8 

do.... 

1,224 

Do. 

9 

36      2 

do.... 

1,834 

Do. 

10 

35      8 

do.... 

1,266 

Do. 

11 

35      2 

do.... 

1,256 

Do. 

12 

85      0 

do.... 

1,161 

Do. 

13 

36      8 

do.-.. 

1,176 

1  strand  18''  from  the  pin. 

14 

85      4 

do.... 

1,302 

1  strand  at  the  pin. 

15 

85      8 

do.... 

1,080 

2  strands  at  the  pin. 

15a 

35      8 

do.... 

1,270 

1  strand  at  the  pin. 

16 

35    12 

..^..do.... 

1,298 

Do. 

17 

35      4 

Inside.... 

1,070 

1  strand  2'  from  the  pin. 

17a 

35      4 

Outside... 

1,880 

1  strand  at  the  pin. 

18 

85      2 

do.... 

1.080 

Do. 

19 

35      4 

do.... 

1,200 

Do. 

20 

35    12 

Inside...-. 

1,142 

1  strand  15"  from  the  pin. 

21 

35      4 

Outside... 

1,205 

1  strand  10"  from  the  pin. 

22 

36      4 

do.... 

1.240 

1  strand  at  the  pin. 

23 

85      8 

do.... 

1,185 

1  strand  18"  from  the  pin. 

24 

35      4 

do.... 

1,260 

1  strand  at  the  pin. 

25 

35      4 

do.... 

1,295 

2  strands  at  the  pin. 
1  strand  at  the  pin. 

26 

86      4 

do.... 

1,271 

27 

35      0 

do..-. 

1,238 

1  strand  18"  from  the  pin. 

28 

35      4 

do.... 

1,124 

1  strand  at  the  pin. 

29 

86      4 

do.... 

1.266 

Do. 

• 

30 

85      4 

do.... 

1,282 

Do. 

81 

35      8 

do.... 

1,146 

1  strand  12"  from  the  pin. 

82 

35      4 

do.... 

1,184 

1  strand  at  the  pin. 

83 

35      2 

do.... 

1,166 

Do. 

34 

36      4 

do.-.. 

1,272 

Do. 

35 

36      4 

Inside.... 

1,165 

Do. 

36 

35      8 

Outside... 

980 

Do. 

36a 

86      8 

do.... 

1,298 

Do. 

87 

86      8 

Inside.... 

1,230 

Do. 

38 

86      4 

Outside... 

1.200 

Do. 

39 

35      4 

Inside.... 

1.198 

Do. 

40 

35      8 

Outside... 

1,250 

Do 

41 

36      1 

do.... 

1,090 

Do 

42 

86      2 

do.... 

.      1.205 

Do 

43 

35      4 

do.... 

1,165 

Do. 

44 

35      8 

do.... 

1      1,300 

Do. 

46 

35      4 

do.... 

1,225 

Do. 

46 

85      4 

do.... 

1.292 

Do. 

47 

85      4 

do.... 

1,260 

Do. 

48 

35      4 

do.... 

1,150 

Do. 

49 

35      2 

do.... 

1,270 

Do. 

50 

ST)      8 

do.... 

1,080 

Do. 
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No.  7  Shot  Lines. 


Diameter,  ".22. 

Three  strands  of  9  threads  each. 

Lay  one  turn  in  1". 

Tested  in  i-foot  lengths. 


No.  of 

Weight 

End  of  coil 

Tensile 

Parted. 

test. 

of  coil. 

tested. 

strength. 

X6<.  028. 

Pmind9. 

51 

21      7 

Outside... 

674 

1  strand  at  the  pin. 

52 

21      7* 

do.... 

794 

Do. 

58 

21      8i 

Inside.... 

782 

Do. 

54 

21      8 

OuUide... 

758 

Do. 

55 

21      bk 

do  — 

827 

2  strands  at  the  pin. 

66 

21      9 

do.... 

804 

1  strand  18*  from  the  pin. 

57 

21    11 

do.... 

842 

8  strands  8^  from  the  pin. 

58 

21      8ft 

do.... 

800 

1  strand  at  the  pin. 

59 

21      9 

do.... 

800 

1  strand  4"  from  the  pin. 

eo 

21    10 

do.... 

776 

1  strand  at  the  pin. 

61 

21      8 

do.... 

794 

Do. 

62 

21      8ft 

do.... 

742 

Do. 

68 

21      8ft 

do.... 

846 

Do. 

64 

21      9 

do.... 

783 

Do. 

65 

21      8 

do.... 

786 

Do. 

66 

21      7ft 

do.... 

774 

1  strand  6^^  from  the  pin. 

67 

21    10ft 

do.... 

774 

1  strand  at  the  pin. 

68 

21      7ft 

do  — 

805 

Do. 

69 

21      8ft 

Inside.... 

776 

Do. 

70 

21      7ft 

do.... 

695 

Do. 

71 

21      8ft 

Outside... 

765 

8  strands  at  the  pin. 

72 

21      8 

do.... 

780 

1  strand  24"  from  the  pin. 

78 

21      9 

do.... 

796 

1  strand  at  the  pin. 

74 

21      8ft 

do.... 

800 

2  strands  at  the  pin. 
1  strand  at  the  pin. 

75 

21    10 

do.... 

763 

76 

21      9 

do.... 

802 

Do. 

77 

21    10ft 

do.... 

848 

Do. 

78 

21      9 

do.... 

796 

2  strands  at  the  pin. 
1  strand  at  the  pin. 

79 

21    10ft 

do.... 

798 

80 

21      8ft 

do.... 

810 

Do. 

81 

21      8ft 

do.... 

840 

Do. 

82 

21      8ft 
21      9ft 

do.... 

762 

Do. 

88 

Inside.... 

737 

2  strands  at  the  pin. 

84 

21      9 

Outside... 

779 

1  strand  at  the  pin. 

85 

21      8ft 

Inside.... 

726 

Do. 

86 

21    10 

Outside... 

864 

1  strand  12"  from  the  pin. 

87 

21      8 

Inside.... 

759 

2  strands  at  the  pin. 

88 

21      8 

Outside... 

799 

1  strand  at  the  pin. 

89 

21    10 

do.... 

794 

Do. 

90 

21      7 

do.... 

881 

S  strands  at  the  pin. 

91 

21      8 

do.... 

870 

1  strand  at  the  pin. 

92 

21      8ft 

do.... 

700 

Do. 

98 

21      9 

do.... 

716 

1  strand  4»  from  the  pin. 

94 

21      8 

do.... 

776 

2  strands  at  the  pin. 

95 

21      8 

do.... 

600 

1  strand  at  the  pin. 

95a 

21      8 

do.... 

760 

Do. 

96 

21      8 

do.... 

797 

Do. 

97 

21      9 

Inside.... 

785 

2  strands  at  the  pin. 

98 

21    10ft 

OuUlde... 

850 

1  strand  16"  from  the  pin. 
1  strand  8"  Irom  the  pin. 

99 

21    11 

do.... 

863 

100 

21    10 

do.... 

740 

1  strand  at  the  pin. 

OOBDAQE. 

No.  4  Shot  Lines 


4^ 


Diameter,  ".14. 

Three  strands  of  4  threads  each. 
Lay  one  turn  in  ".68, 
Tested  in  4-foot  lengths. 


No.  of 

Weight 

End  of 

Tensile 

Parted. 

test. 

of  coil. 

contested. 

strength. 

Lb».oe8. 

Pounds. 

101 

10    11 

Ontdde... 

881 

2  strands  2'  from  pin. 
1  strand  2'  from  pin. 

102 

10     9h 

do.... 

842 

106 

10     6 

do.... 

887 

1  strand  12*  from  pin. 
3  strands  at  the  pin. 

104 

10     H 

do.... 

886 

105 

10     6 

do.... 

898 

Do. 

106 

10     9 

do.... 

896 

1  strand  2f  from  pin. 

107 

10     9 

Inside.... 

879 

3  strands  at  the  pin. 
1  strand  at  the  pin. 

106 

10     6» 

Outeide... 

867 

109 

10     8 

do.... 

406 

8  strands  at  the  pin. 

110 

10     91 

do.... 

402 

8  strands  18*  from  pin. 

111 

10     9 

Inside.... 

892 

1  strand  at  the  pin. 

112 

10    10 

Outside... 

401 

2  strands  20*  |rom  pin. 
8  strands  8*  from  pin. 
1  strand  2' from  pin. 
1  strand  at  the  pin. 

118 

10     91 

do.... 

896 

114 

10     6 

do.... 

863 

115 

10     M 

do.... 

852 

116 

10     9 

do.... 

866 

8  strands  at  the  pin. 

117 

10    10 

do.... 

878 

1  strand  12"  from  pin. 

118 

10    10 

do.... 

818 

1  strand  2f  from  pin. 

119 

10     6^ 

do.... 

840 

1  strand  9"  from  pin. 

120 

10     9| 

do.... 

877 

1  strand  14"  from  pin. 
1  strand  2f  from  pin. 

121 

10      7 

do.... 

400 

122 

10     6k 

do.... 

867 

8  strands  at  the  pin. 

128 

10     6i 

do.... 

864 

Do. 

124 

10      9i 

do.... 

874 

3  strands  12"  from  pin. 

125 

10      Sk 

do.... 

894 

1  strand  2'  from  pin. 

126 

10     9 

do.... 

406 

2  strands  2'  from  pin. 

127 

10     H 

do.... 

861 

Do. 

128 

10    10 

do.... 

867 

8  strands  5"  from  pin. 

129 

10     9i 

do.... 

400 

1  strand  12"  from  pin. 
8  strands  2'  from  pin. 

190 

10    10 

do.... 

355 

181 

10    lOi 

Inside.... 

877 

1  strand  at  pin. 
1  strand  2'  from  pin. 

182 

10     71 

do.... 

898 

188 

10     9 

Outside... 

882 

3  strands  5"  from  pin. 

184 

10     7 

do.... 

874 

1  strand  19"  from  pin. 

185 

10     8i 

do.... 

406 

2  strands  2'  from  pin. 

186 

10     6i 

do.... 

851 

1  strand  13"  from  pin. 

187 

10     9i 

Inside.... 

880 

1  strand  14"  from  pin. 

188 

10     7 

Outside... 

877 

8  strands  at  the  pin. 

189 

10     71 
10     6i 

Inside.... 

876 

8  strands  12"  from  pin. 
2  strands  3"  from  pin. 
'  1  strand  2'  from  pin. 

140 

Outside... 

877 

141 

10    10* 

do.... 

388 

142 

10      9* 

do.... 

400 

1  strand  8"  from  pin. 
3  strands  at  the  pin. 

148 

.10     9 

do.... 

404 

144 

10      7 

Inside 

856 

Do. 

145 

10      6 

Outside... 

869 

1  strand  18"  from  pin. 

146 

10     9 

do.... 

400 

2  strands  at  the  pin. 

147 

10      6i 

do.... 

401 

3  strands  12"  from  pin. 

148 

10      7 

do.... 

896 

8  strands  17"  from  pin. 
8  strands  2'  from  pin. 
8  strands  at  the  pin. 

149 

10      71 

do.... 

875 

160 

10      8 

do.... 

M) 
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cordagp:. 

No.  10569. 

Manila  and  Hemp  Rope, 


From  Third  Light-house  District,  Tompkinsville,  N.  Y. 
Samples  prepared  for  testing  with  eye  splices  at  the  ends. 
Length  between  splices,  from  21"  to  34' . 


Description. 


15-thread  Manila. 

Do 

18-thread  Manila. 

Do 

21-tbread  Manila. 

Do 

a-inch  hemp 

Do 


Tensile 
strength. 

Parted. 

Pcmnds. 

1,620 

1  Btrand  at  the  splice. 

1,810 

Do. 

2,720 

Do. 

2,710 

Do. 

3,260 

Do. 

8,250 

Do. 

6,960 

Do. 

6,860 

Do. 

No.  10594. 
Length  between  splices,  from  26"  to  31". 


Description. 


l&-thTead  Manila 

Do 

Do 

Do 

8-inch  Manila..., 

Do 

Do 


Tensile 
strength.; 


PoujuLe. 
1,280 
1,240 
1,810 
1,820 
4,920 
6,200 
6,150 


Parted. 


1  strand  at  the  splice. 

Do. 

Do. 

Do. 

Do. 
1  strand  3''  from  the  splice. 
1  strand  at  the  splice. 


No.  10643.    . 
Length  between  splices,  from  32"  to  34'' 


Description. 

l&-thread  manlla 

Do 

Do 

8-Inch  hemp 

Do 

Do 


Tensile 
strength. 


J^unds.  I 
1.720    I 
1,K90 
1,704 
5,840 
5,220    ' 
5,820    I 


Parted. 


1  strand  3"  from  the  splice. 
1  strand  at  the  splice. 

Do. 

Do. 
1  strand  6"  from  the  splice. 
1  strand  at  the  splice. 


CORDAGE   AND   PAPER. 
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No.  10544. 
Coir  Rope. 
Received  from  Sandy  Hook  proving  ground. 

Temrile  test. 

Number  of  strands ^ 4 

Diameter inches..  1.85 

Circumference do 6.75 

Lay  one  turn  In do....  4.5 

Length,  abont feet..  20.5 

Weight,  total ^ pounds..  9.78 

Weight,  per  fathom do....  2.86 

Sample  prepared  with  eye  splices  at  the  end«.     Length  between 
splices,  6  feet. 
Tensile  strength,  3,700  pounds. 
Parted  three  strands  at  the  splice. 

Paper. 

No.  1064G. 

Tensile  Tests  of  Blue-Prixt  and  Brown-Print  Papers  for  the 
Ordnance  Department,  U.  S.  Army. 


Specimens  taken  longitudinally. 
Dimensions  of  specimens,  1"  by  3". 
Three  tests  were  made  from  each  sample. 


BLITH-PUINT  I'AI'KR. 


Tensile  strength. 

Thick- 

ness. 

1 

1st. 

2;l.        1        3rt. 

Mean. 

Inch. 

Pounds. 

Pf>umh.     Pottmts. 

PtmmU, 

.0041 

40 

88              41 

39.7 

.0041 

33 

30               26 

287 

.0J40 

3J 

27               30 

29 

.0041 

.8  5 

26        1        26.5 

27 

.0038 

51  6 

52               51 

51.6 

.0046 

46 

47               46 

46.8 

.C044 

41 

8).5            40 

40.2 

BROWN -PR  I  NT  PAPER. 


7. 

8. 

9. 
10. 
11. 
12. 
13. 
15. 
16. 
17. 


.0026 

SJ 

29  5 

29 

29.5 

.0045 

2) 

22.5 

2) 

20.8 

.0044 

28.6 

29 

31.5 

29  7 

.0t»84 

35.5 

35 

35 

852 

.0044 

42.5 

41  5 

42.5 

12  2 

.0026 

26 

27 

26.5 

258 

.0040 

34  6 

33.5 

86 

34  7 

.0036 

31 

33 

30 

31.3 

.0026 

12 

13 

12 

12.3 

.0037 

22 

21 

21 

21.3 
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PAPER. 


Following  are  tensile  tests  made  on  duplicate  samples  of  the  above 
papers,  Nos.  1  to  14,  inclusive,  after  washing  and  drying  according*  to 
the  usual  treatment  given  this  class  of  material  in  service. 


BLUE-PRINT  PAP£R. 
[After  washing  and  drying.] 


Marka. 

Thick- 
neas. 

Tensile  strength. 

1st. 

2d.             8d. 

• 

Moan. 

1 

Inch. 
.0048 
.0044 
.0046 
.0047 
.0042 
.0053 
.0048 

Pounds. 
40 
27 
27 

24.5 
44.5 
89 
85 

Pounds. 
40 
27.5 
27.5 
25 
48 
38 
87 

Pounds. 
39 
27 
25.5 
28 
44 
44.5 
35 

Pounds. 
89.7 
27.2 
26.7 
24.2 
45.5 
40.5 
85.7 

2 

3 

4 

5 

6 

14 

BROWN-PRINT  PAPER. 
[After  washing  and  drying.] 


7 

.0028 
.0046 
.0047 
.0084 
.0045 
.0025 
.0043 

26.5 

18 

82 

81.5 

41 

28 

88 

28 

19.6 

29.5 

82 

48 

22 

SO 

2fi.5 
17.5 

ao.5 

32 
40 
22 
82 

26.3 
18.3 
30.7 
31.8 
41.3 
•22,3 
81.7 

8 

9 

10 

11 

12 

13 

GENERAL  AVERAGES. 

Pounds. 

Blue-print  ]>aper,  original 87. 

Blue-print  paper,  after  washing  and  drying 84. 

Brown-print  paper,  original 28. 

Brown-print  paper,  after  washing  and  drying 28. 


J 


BRICKS. 


im 


BRICKS. 
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BEIGKS. 

Absorption  of  Water  and  Elasticj  Properties, 
dry  pressed  and  mud  bricks  from  different  parts  of  a  ix)wn- 

DRAFT  KILN. 

The  two  kinds  of  brick,  made  from  the  same  clay,  were  burned  side 
b}'-  side  in  the  respective  parts  of  the  kiln  mentioned. 

Bricks  immersed  in  water  four  months,  after  which  they  were  taken 
out  and  tested  while  in  a  saturated  state. 

Material  furnished  by  Messrs  Fiske  &  Co.,  Boston,  Mass. 


No.  1502. 
Dry  Pressed  Brick. 


Shade  11,  from  top  of  kiln 

Oi 

foot. 


top  oi 
t,  ary, 


Original  weight,  d,ry,  5  pounds  15J  ounces=  131.2  pounds  per  cubic 


Total  weight  when  tested,  6  pounds  7f  ounces =142. 2  pounds  per 
cubic  foot. 

Water  absorbed,  by  weight  8.4  per  cent;  by  volume  17.6  per  cent. 

Length,  8".09. 

Sectional  area,  2".43X4".01=9.74  square  inches. 

Gauged  length,  6". 


Applied  loads. 


Total. 


Pounds, 
974 
1,948 
8,896 
6.844 
7,792 
9,740 
19,480 
29,220 

88,960 
48,700 
58,440 
68,180 
77,920 

110,100 


Per  square 
inch. 


Pounds. 

100 

200 

400 

600 

800 

1.000 

2,000 

8,000 

4.000 
5,000 
6.000 
7,000 
8,000 

11.800 


In  gau{;ed  length. 


Compres- 
sion. 


Inch. 

0. 

0. 
.0002 
.0004 
.0005 
.0008 
.0017 
.0029 

.0042 
.0057 
.0071 
.0085 
.0100 


Set. 


Inch. 
0. 


Remarks. 


0. 

0.  ' 

0. 

I 

.0001 
.0002    , 
.0003    I 
.0003+ 
.0005 


Initial  load. 


£  (1.000-8,000)  > 
inch. 


4,762,000  itounds  per  squan; 


E  (1,000-8.000)  »4,023,000  pounds  per  square 

inch. 
Ultimate  strength. 


494  BBIOKS. 

No.  1503. 
Dry  Pressed  Brick. 

Shade  7,  from  one-third  down  the  kiln. 

Original  weight,  dry,  5  pounds  13i  ounces= 126.8  pounds  per  cubic 
foot. 

Total  weight  when  tested,  6  pounds  6i  ounces =138.6  pounds  per 
cubic  foot. 

Water  absorbed^  by  weight,  9.4  per  cent;  b}'  volume,  19  per  cent. 

Length,  8".06. 

Sectional  area,  2".48X3".99=9.89  square  inches. 

Gauged  length,  6". 


Applied  loads. 

RexnarkB. 

Total.     |^',„X" 

1 

Compres- 
sion. 

Set. 

Pounds. 
989 
1,978 
3.966 
6,934 
7,912 
9,890 
19,780 
29,670 

39,660 

49,460 

I        69,840 

'        69,230 

76,000 

Pounds. 

100 

200 

400 

600 

800 

1.000 

2,000 

3,000 

4,000 
5,000 
6.000 
7,000 

7,680 

Inch. 

0. 

0. 

.0001 
.0004 
.0006 
.0008 
.0023 
.0041 

.0068 
.0076 
.0096 
.0114 

Inch. 
0. 

IiiiUal  load. 

K  (1,000-3,000)  =3,030,000  pounds  per  square 
inch. 

£  (1,000-7,000)  =-2,913,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 
0. 
0. 

.0001 
.0001 
.0001 
.0008 

I 
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No.  1504. 
Dby  Pressed  Brick. 

Shade  2.  from  two-thirds  down  the  kiln. 

Original  weight,  dry,  5  pounds  12f  ounces =123. 3  pounds  per  cubic 
foot. 

Total  weight  when  tested,  6  pounds  7i  ounces  =137.3  pounds  per 
cubic  foot. 

Water  absorbed,  by  weight,  11.3  per  cent;  by  volume,  22.4  per 
cent. 

Len^h,  8".  19. 

Sectional  area,  2".48X4"=9.92  square  inches. 

Grauged  length,  5". 


Applied  loads. 

In  gauired  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

992 

1.984 

3,968 

5,952 

7,986 

9,920 

19,840 

29,760 

39.660 

49,600 

50,500 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

3,000 

4,000 

5,000 

5,090 

Inch. 
0. 
.0008 

.0010 
.0017 
.0023 
.0028 
.0063 
.0078 
.0100 
.0125 

Inch. 
0. 

Initial  load. 

E(l,000-8,000)  =»2,128.000pouuds  peraquare  inch. 

E(  1,000-5,000)  -2,198.000pound8per8qiiare  inch. 
Ultimate  strength. 

0. 

.0002 
.0008 
.0005 
.0006 

1 

No.  1505. 
Dry  Pbessed  Bbick. 

Shade  06,  from  bottom  of  kiln. 

Original  weight,  dry,  5  pounds  13  ounces  =  117  pounds  per  cubic 
foot. 

Total  weight  when  tested,  6  pounds  Hi  ounces  =  134.9  pounds  per 
cubic  foot. 

Water  absorbed,  by  weight,  15.3  per  cent;  by  volume,  28.7  percent. 

Length,  8".47. 

Sectional  area,  2".53  X  4".01  =  10.14  square  inches. 

Gauged  length,  5". 


Applied  loadN. 

In  gauged  length. 

TOUU.       P-j^X" 

Compres-         q^^ 
slon.              ^^• 

Remarks. 

Pounds.    ,    Pounds. 
1.014                 100 
2,028    1             200 
4,066    !             400 
6,084    i             600 
8,112    1             800 
10,140    '          1,000 
20,280    :         2,000 

24,600              2,430 

Inch. 

0. 

.0004 
.0012 
.0020 
.0029 

Inch. 
0. 

Initial  load. 

1 
Ea,000-2,000)  =  1,042,000  pounds    per  square 

Ultimate  strength. 

.0038 
.0090 

0. 
.0004 

1 

4\^b  BBICKS. 

No.  1506. 
Mud  Bkicf 

Shade  8,  from  top  of  kiln. 

Original  weight,  dry,  6  pounds  2  ounce8=141.8  pounds  per  cubic 
foot. 

Total  weight  when  tested,  6  pounds  5i  ounces =146. 5  pounda  per 
cubic  foot. 

Water  absorbed,  by  weight,  3.3  per  cent;  by  volume,  7.5  per  cent. 

Length,  7".98. 

Sectional  area,  2".38x3".93=9.35  square  inches. 

Gauged  length,  5". 


Applied  loads.             In  gaugred  length. 

Total. 

J^undg. 
935 
1.870 
8,740 
5,610 
7,480 
9,850 
18,700 
28,050 

87,400 
46,750 
66,100 
65,450 
74,800 
84,150 
98,500 

157,200 

Per  Rqoare    Compres- 
incn.            slon. 

Set. 

Remarks. 

iVwnd*.    1       Inch. 

100           0. 

200             .0001 

400             .0008 

600              .0006 

800              .0008 

1,000              .0010 

2,000              .0018 

8,000              .0025 

4,000              .0032 
5,000    ;          .0089 
6,000              .0045 
7,000    1          .0052 
8,000    1          .0059 
9,000    1          .0066 
10.000    ,          .0072 

16,810    ' 

Inch. 
0. 

Initial  load. 

0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

£  (1.000-3,000) =6,667,000  pounds  per  square 
inch.                                                                      1 

E  (1,000-10,000)^7,258,000  pounds  per  square 

inch. 
Ultimate  strength. 

1                      1 

BBICKB. 


4y 


No.  1507. 

Mud  Brick 

Shade  5.  from  one-fourth  down  the  kiln. 

Original  weight,  dry,  6  pounds  1  ounce = 136.5  pounds  per  cubic  foot 
Total  weight  when  tested,  6  pounds  6i  ounces=144.3  pounds  pe 
cubic  foot. 

Water  absorbed,  by  weight,  5.7*  per  cent;  by  volume,  12  A  percent 

Length,  8".09. 

Sectional  area,  2".37x4"=9.48  square  inches. 

Gauged  length,  5". 


Applied  loads 

In  gauged  length. 

Remarks. 

Total.     :^«L,T^ 

Compres- 
sion. 

Set, 

PounfU. 

948 

1.896 

3,792 

5,688 

Pounds. 
100 
200 
400 

600 

Inch. 

0. 

.0002 
.0005 
.0008. 
.0010 
.0012 
.0021 
.0080 
.0037 
.0045 
.0062 
.0060 
.0068 

Inch. 
0. 

Initial  load. 

E  (1,000^.000)  »5.666,000  pounds  per  square  inch. 

E  ( 1,000-8,000)  =6.250,000  pounds  per  square  inch. 
Ultimate  strength. 

7,584                 800 

9,480 
18,960 
28,440 
37,920 
47,400 
56,880 
66,360 
75,840 
1       157, 100 

1,000 
2,000 
3,000 
4,000 
5.000 
6,000 
7,000 
8,000 
16, 570 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

' 
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BKICKS. 


No.  1508. 
Mud  Brick. 

Shade  2,  from  two-thirds  down  the  kihi. 

Original  weight,  dry,  6  pounds  2  ounces  =131.4  pounds  per  cubic 
foot. 

Total  weight  when  tested,  6  pounds  10^  ounces  =142.8  pounds  per 
cubic  foot. 

Water  absorbed,  bv  weight,  8.7  per  cent;  by  volume,  18.3  per  cent. 

Length,  8'M3. 

Sectional  area,  2".46X4".03  =  9.91  square  inches. 

Gauged  length,  5". 


Applied  loadM. 

Total. 

Per  Hqiiare 
Inch. 

l^unds. 

Pounds. 

991 

100 

1,982 

200 

8,964 

400 

6,946 

600 

7,928 

800 

9,910 

1,000 

19,820 

2,000 

29,730 

3,000 

89,640 

4,000 

49,660 

6,000 

69,460 

6,000 

69,870 

7,000 

107,100 

10,810 

In  gauged  length 


ll(>  murks. 


Initial  load. 


E  ( 1,000-8.000)  »6,268,000  pounds  per  square 
inch. 


E   (1,000-7,000)  =r5,882,000  pounds  per  square 

inch. 
Ultimate  strength. 


BRICKS.  499 

No.  1509. 
Mud  Brick. 

Shade  08,  from  bottom  of  kiln. 

Original  weight,  dry,  6  poundu  5^  ounces =126.1  pounds  per  cubic 
foot. 

Total  weight  when  tested,  7  pounds  1  ounce=  140.4  pounds  per  cubic 
foot. 

Water  absorbed,  by  weight,  11.3  per  cent;  by  volume,  22.J)  i)er  cent. 

Length,  8". 34. 

Sectional  area,  2".52x4".14=10.43  square  inches. 

Gauged  length,  5". 


Applied  loadii. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

3,000 

4,000 
5,000 
6,000 
7,000 

9,120 

Compres- 
sion. 

Set. 

Inch. 
0. 

Pounds. 
1,043 
2,066 

Inch. 

0. 

.0001 
.0004 
.0006 
.0007 
.0010 
.0020 
.0083 

.0046 
.0060 
.0076 
.0090 

Initial  load. 

4,172 
6,258 
8,344 
10,430 
20,860 
31,290 

41,720 

52.160 

1        62,580 

73,010 

95,100 

6. 

.0001 
.0001 

.0001 
.0004 
.0006 
.0007 

£  (1,000-3,000)  =  4.545,000  pounds  {Hsr  square 
inch. 

E  (1,000-7,000)  =4,110,000  pounds  per  square 
Ultimate  strength. 

500 


BRICKS. 


I 


3 
OS 

0 

I 

03 
■*^ 

S3 
O 

a 
J3 


IS 


o 

& 

S3 

o 


9 


^ 

£ 

, 

o 

i 

a 

lO 

E 

^ 

^ 

CT) 

, 

tiO 

M 

o; 

a 

O 

lij 

<D 

93 

M 

o 

ft  ^t^iOCI 


o 


I 
I 


s  to  «  ?i  3     to  i5  'j5  1 


I     •w'j«"v«oo     ecr-t'-ec      I'D 


s^lslS 
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Compression  Tests. 
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Compressed  surfaces  faced  with  neat  Portland  cement.     Loaded 
flatwise. 


DRY  PRESSED  BRICKS. 


Shade  and  location  in  kiln. 


Shftd«  U,  top . 
Do... 


Shade  7,  one-lliird  down , . . 
IXi.. 


fiShndea,  two-lJalTdfldowji ., 
Do...  — 


Sliadi*  01  bottom  . 


DimenMoiis. 


ritimate  Ktren^th. 


Height. 


Inches. 
ZU 
^<7 

2.  GO 


Compressed 
surface. 


Sectional 
area. 


Inches. 
4  00 

a,  re 


Inches. 

a.  SI 

^^ 
R.50 


So. inches. 
32.76 

32,82 
32.74 

83.22 
»4.» 


First 
crack. 


Total. 


Pounds.     Pounds. 

337.000     m,fm 

41^1,000       .M^.UOQ 


SS2^€0a  I 

sas.coo  I 

275,000  i 
i»&.QOU  ' 


39d,&00 

S12,000 
341.000 


Per 
square 
inch. 


Pounds. 
15.100 
I6.SS0 

ll.illO 
l:!.UO 

10,000 
lO.SdO 


ajn.ooo     3si,«io      e.Tiso 


MLD  BRICKS. 


Ahsd«  St  top . 
Do 


FhindL'  h,  onc!- fourth  dniirn.  J 
Do I 

Shade  2,  two-thirdp  down ., 
Do,„ ,„J 


if  hade  OS,  botUiiii , 
I  Do...... 


2.36 
2.3a 

«>Ofi 
».02 

in.88 

31.  W 

WOOO 

iiia.oai 

Mfi.OOO 
3.^.000 

2.38 

3.B6 

8.18 

32. 1» 

ia.oa 

181,000 
10&,000 

i-ve.ooo 

4.*lft 

8.30 
1*.S7 

33.81 

l.-iO.OOO 
18«,000 

3e«.ooo 

2.ftl 

2.51 

1.14 

4.1* 

ii.54 

3&.40 
SA.53 

iM.OOO 

m,ajo 

291,000  1 

xti.ooo 

1U»]0 

i4,:Hk) 

ii>ao 
II, no 

N22t) 
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Neat  Cement  and  Cement  Moktars  Set  Initially  Under  High 

Pressures. 

This  material  was  put  under  initial  compression  immediately  after 
gauging.  It  was  tamped  in  a  cylindrical  steel  mold  having  pistons 
with  brass  cup-shaped  packings  at  the  ends,  and  loads  then  applied 
with  the  testing  machine.  One  piston  was  movable,  one  was  hxed. 
The  cement  remained  under  pressure  in  the  mold  for  a  period  of 
twenty -four  to  sixty -four  hours,  after  which  it  was  forced  out  and  put 
in  water  until  the  time  of  testing. 

SKETCH   OF  CYLINDRICAL   MOLD. 


Piston. 


'v^: 


?. 

o 


.]. 


isrs 


Sectional  area  of  bore,  15.497  square  inches. 

DETAILS  OF  MIXING. 

June  6,  1903:  Alpha  cement,  neat,  gauged  with  17  per  cent  of  water 
by  weight,  tamped  mto  mold  and  loadea  with  300,000  pounds  on  pis- 
ton. After  the  immediate  effect  of  this  load  had  been  received  the 
{pressure  was  reduced  to  about  220,000  pounds,  which  remained  acting 
or  a  period  of  41  hours.  About  3  ounces  of  water  leaked  out  during 
this  period.  The  indurated  cement  was  then  forced  out  of  the  mold, 
requiring  a  maximum  force  of  65,000  pounds. 


DimeMMM  of  the  specimen. 

Diameter 4. 445  inches. 

Length 6. 657  inches. 

Weight,  total 8  pounds. 

Weight,  per  cubic  foot 160.3  ponnda 

June  13,  1903:  Cement  mortar,  1 : 1  mixture. 

Alpha  cement 6  pounds. 

8and , 5  pounds. 

Water,  weight 1  i  pounds. 

Water 25  percent. 

Mixture  flushed  water  when  tamped  in  the  mold.  Initially  loaded 
with  230,000  pounds.  About  3^  ounces  of  water  leaked  out.  The 
pressure  was  reduced  to  220,000  pounds,  which  was  sustained  for  a 
period  of  about  24  hours.  It  required  48,000  pounds  to  force  the 
specimen  from  the  mold  42  hours  after  gauging.       • 
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Dimensions  of  the  specimen. 

Diameter 4. 448  inches. 

Length 5.878  inches. 

Weight,  total 3  pounds  2k  ounces. 

Weight,  per  cubic  foot 154. 8  pounds. 

Pat  in  water  when  removed  from  mold,  where  it  remained  until  the 
time  of  testing. 
July  3,  1903:  Cement  mortar,  1:2  mixture. 

Alpha  cement 4  pounds. 

Sand 8  pounds. 

Water,  weight l\  pounds. 

Water l  ..  1  per  cent. 

Loaded  with  217,000  pounds,  which  remained  acting  for  a  period  of 
64  hours.  One  ounce  of  water  leaked  out.  Maximum  force  required 
to  remove  specimen  from  the  mold,  68,000  pounds. 

Dimensions  of  the  specimen. 

Diameter 4.449  poonds. 

Length 6.197  pounds. 

Weight,  total d  pounds  84  ounces. 

Weight,  per  cubic  foot 158  pounds. 

Fine  circumferential  ciucks  were  distributed  over  the  surface  of  the 
upper  half  of  the  specimen.  Put  into  water  where  it  remained  until 
the  time  of  testing. 

July  10,  1903:  Neat  Alpha  cement,  gauged  with  17  per  cent  of 
water.  Material  tamped  into  steel  mold,  pistons  put  in  place  but  no 
pressure  applied.  Removed  from  mold  24  hours  later,  a  maximum 
force  of  18,000  pounds  being  required. 

Dimensions  of  the  specimen. 

Diameter 4.441  inches*. 

Length 6.642  inches. 

Weight,  total 8  pounds  2^  ounces. 

Weight,  i)er  cubic  foot 137  pounds. 

Put  into  water,  where  it  remained  until  the  time  of  testing. 

July  11, 1903:  Neat  Alpha  cement,  gauged  with  17  per  cent  of  water. 
Loaded  with  115,000  pounds  initial  compression  for  a  period  of  41 
hours.  About  1  ounce  of  water  leaked  out.  Maximum  resistance 
encountered  in  forcing  out  of  the  mold,  29,000  pounds. 

Dimensions  of  the  specimen. 

Diameter 4.440  inches. 

Length 5.681  Inchea. 

Weight,  total 8  pounds  k  ounce. 

Weight,  per  cuhic  foot .-. 160.7  pounds. 

Put  into  water,  where  it  remained  until  the  time  of  testing. 

July  13,  1903:  Neat  Alpha  cement,  gauged  with  25  per  cent  water. 
Loaded  with  217,000  pounds  for  a  periwi  of  40  hours.  About  5  ounces 
of  water  leaked  out.  Maximum  resistance  in  forcing  out  of  the  mold, 
26,000  pounds. 

Dimensions  of. the  specimen. 

Diameter 4.441  inches. 

Length 5.804  inches. 

Weight,  total 7  pounds  6J  ounces. 

Weight,  per  cubic  foot 148.8  pound*. 

Put  into  water,  where  it  remained  until  the  time  of  testing. 
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CEMENT  SLEEVES  ON  STEEL  COBES  STEAINED  IN  TENSION. 

Sleeves  of  neat  Portland  cement  and  cement  mortar  were  molded 
over  grooved  steel  cores  and  strained  by  loads  of  tension.  Prelimi- 
nary observations  were  made  on  the  extension  of  the  naked  cores,  after 
which  they  were  incased  in  the  sleeves  and  again  tested.  The  stresses 
were  applied  to  the  projecting  ends  of  the  cores,  measuring  the  exten- 
sion on  the  cement  sleeve  on  a  gauged  length  covering  the  middle 
part  of  its  length. 

During  the  setting  of  the  cement,  cracks  were  formed  circumferen- 
tial and  radial.  Wnile  under  test  these  initial  cracks  opened  wider  as 
loads  of  tension  were  applied,  and  new  circumferential  ci-acks  were 
formed.  The  details  of  the  tests  state  under  what  loads  and  exten- 
sions of  the  sleeves  additional  cracks  appeared.  Some  cracks  which 
were  visible  when  the  loads  were  acting  closed  upon  release  of  stress. 

No.  10591. 

Observations  with  Grooved  Steel  Bars  Prior  to  Experiments 
ON  Tensile  Strains  of  Cements. 

i 24"  » 

w"i iiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiirT  u  ^.- 

i 18  1/2"        * 

Bars  grooved  over  18". 5  of  their  length. 

Diameter  at  bottom  of  f? rooves inch . .    1. 

Sectional  area  at  bottom  of  grooves square  Inch . .      .  7864 

Width  of  grooves inch..      .26 

Width  of  lands do 126 

Gauged  length inches. .  15. 


Applied  loads. 


Numl>er  of  bar. 


Total. 

Per  square 
inch. 

1. 

Pounds. 

Pounds. 

Inch. 

1,000 

1,270 

0. 

10,000 

12, 730 

.0044 

20.000 

25.460 

.0108 

30,000 

38,200 

.0171 

40.000 

50,930 

.0235 

50.000 

63,660 

.0296 

65,000 

70,030 

.0328 

1,000 

1,270 

-  .0006 

10,000 

12.780 

.0046 

20,000 

25,460 

.0110 

80,000 

38.200 

.0173 

40,000 

50,980 

.0237 

50,000 

63,660 

.0300 

65,000 

70,030 

.0327 

1,000 

1,270 

-  .0006 

Inch. 


Remarks. 


Inch. 


0. 

0. 

.0062 

.0059 

.0126 

.0123 

.0188 

.0186 

.0251 

.0247 

.0313 

.0811 

.0363 

.0344 

.0022 

.0004 

.0083 

.0064 

.0148 

.0128 

.0211 

.0189 

.0274 

.0260 

.0836 

.0311 

.0366 

.0342 

.0026 

.0006 

Initial  load. 


The  above  bars  were  incased  in  sleeves  of  neat  Alpha  cement  gauged 
with  25  per  cent  of  water,  and  set  in  air. 


Number  of  bar. 

Cement  sleeve. 

Thickness 
of  sleeve. 

Diameter. 

Length. 

1 

Inches. 
1.75 
2.26 
3.25 

Indies. 
18 
18 
18 

Inch, 
0.26 
.fiO 
1.00 

2                                           .         

8 
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Tensile  Tests  of  Sleeves  of  Neat  Cement  on  Grooved  Steel 

Babs. 

No.  10610. 
Bar  No  1. 

Neat  Alpha  cement  sleeve,  exterior  diameter,  1".73. 
Set  in  air  31  days. 
Grauged  length,  on  cement  sleeve,  15". 


Total 

Elonga- 
tion. 

Inch. 

0. 

.0059 
.0126 
.0188 
.0256 
.0826 
.0350 

Set. 

Pounds. 
1,000 
10.000 
20,000 
80,000 
40,000 
50,000 
55,000 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
.0002 

Initial  load. 

Minute  crackB  in  the  cement. 
Numerous  cracks  opened  in  the  cement. 

Cracks  developed  along  the  cement  sleeve  at  intervals  of  li"  to  4". 
While  the  bar  was  under  stresses  above  40,000  pounds  they  were  visi- 
ble to  the  eve.  One  of  the  principal  cracks  after  loading  with  55,000 
pounds  could  be  discerned  upon  release  of  the  load  to  11,000  pounds 
tension,  but  below  this  load  it  closed  and  was  not  visible  with  a  hand 
magnifying  glans. 

55,000  pounds  was  applied  and  released  ten  times.  Cracks  opened 
and  were  easily  seen  as  above  described,  while  the  bar  was  under  load 
and  closed  again  when  the  load  was  released. 


No.  10611. 
Bar  No.  2. 

Neat  Alpha  cement  sleeve,  exterior  diameter,  2".  22. 
Set  in  air,  32  days. 

Gauged  length,  on  cement  sleeve,  15". 

There  were  a  number  of  shrinkage  cracks  in  the  cement  sleeve 
before  commencing  the  test. 


Remarks. 


20,000 

.0130    1 

.0003 

30,000 

.0195    ' 

.0002 

40,000    1 

.0262    I 

0. 

60,000    1 

.0330    1 

.0002 

56,000 

.0875 

.0009 

Initial  load. 

Original  cracks  perceptibly  widen  under  load,  and  new 
one  found. 


I 

New  cracks  began  to  appear  when  the  load  on  the  bar  reached 
10,000  pounds  and  additional  ones  appeared  at  intervals  as  hiffher 
loads  were  applied.  The  principal  cracks  increased  in  the  widtn  of 
openings  also  as  higher  loads  of  tension  were  reached.  Upon  release 
of  tension  the  cracks  diminished  in  width  and  some  wei-e  closed  and 
lost  to  sight. 
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Bar  No.  3. 

Neat  Alpha  cement  sleeve,  exterior  diameter,  3".  22. 
Set  in  air  32  da3's. 

Gauged  length,  on  cement  sleeve,  16". 

There  were  a  number  of  shrinkage  cracks  in  the  cement  sleeve  before 
commencing  the  test. 


Pounds. 

1,000 

10,000 

20,000 

30,000 
40.000 
60,000 
65,000 


Inch. 

0. 
.0031 
.0113 


Inch. 

0. 
.0003 
.0006 


.0170  .0007 

.0282  .0006 

.0806  .0007 

.0340  .0009 


Remarks. 


Initial  load. 
Snapping  sound. 

Original  rraoks  perceptibly  widen  and  new  ones  appear 
under  18,000  pounds  tension. 


New  cracks  increased  in  number  after  18,000  pounds  tension  on  the 
bar,  and  the  initial  cracks  increased  in  extent.  The  cracks  expanded 
and  contracted  in  width  alternately  as  loads  were  applied  and  released. 


No.  10628. 

Marks,  Atlas,  April  3,  1903. 

Neat  Atlas  cement  sleeve  on  grooved  steel  bar  of  1.09  carbon. 

Exterior  diameter  of  sleeve,  1".74. 

Set  in  air  38  days. 

Gauged  length,  on  cement  sleeve,  15". 

There  were  numerous  initial  cracks  on  the  exterior  surface  of  the 
sleeve  before  testing.  The  sleeve  shrunk  away  from  the  steel  core  at 
the  ends  and  developed  both  radial  and  circumferential  cracks.  The 
latter  were  the  more  numerous,  alon^  one  element  there  being  twelve 
such  initial  cracks,  fine  lines  ".002it  in  width. 


Total 

Elonga- 
tion. 

Inch. 

Set. 

Pounds. 

Inch. 

1,000 

0. 

0. 

10,000 

.0067 

0. 

20,000 

.0121 

-.0002 

30,000 

.0182 

-.0003 

40,000 

.0246 

-.0008 

60.000 

.0907 

—.0003 

56,000 

.0342 

-.0008 

Remarks. 


IniUal  load. 

Two  additional  eroekK  appear. 


A  third  fre8h  crock  in  sight. 


The  primitive  ci'acks  opened  preceptibly  while  the  bar  was  loaded 
and  closed  pai*tially  when  the  load  was  released. 


526 


OEMBNT. 


No.  10629. 

Marks,  Atlas,  April  3,  1903. 

Neat  Atlas  cement  sleeve,  exterior  diameter,  2".  23. 
Set  in  air,  38  days. 

Gauged  length,  on  cement  sleeve,  15". 

Twelve  circumferential  cracks  existed  along  the  sleeve,  on  one  side, 
before  the  test. 


Total 
applied 


Pounds. 
1,000 
10,000 
20,000 
30,000 
40,000 
60,000 
55,000 


Elonga- 
tion. 


Inch. 

0. 
.0066 
.0134 
.0200 
.0265 
.0880 
.0858 


Set. 


Inch. 

0. 
.0002 
.0001 

0. 

0. 
-  .0001 

0. 


Remarks. 


Initial  load. 

Two  new  cracks  appear. 
A  third  new  crack  appears. 
Two  more  cracks  appear. 
One  more  crack  appears. 

Two  more  cracks  appear. 


No.  10630. 

Marks,  Atlas,  April  3,  1903. 

Neat  Atlas  cement  sleeve,  exterior  diameter  3".  23. 

Set  in  air  38  days. 

Gauged  length,  on  cement  sleeve,  15". 

There  were  seven  circumferential  cracks  existing  in  the  cement 
sleeve  on  one  side  before  testing,  also  one  pronounced  radial  crack  at 
each  end. 


Total 

Elonga- 
tion. 

Set 

Remarks. 

Pounds. 
1,000 
10,000 
20,000 
80,000 
40,000 
50,000 
55,000 

Inch. 

0. 

.0068 
.0141 
.0206 
.0276 
.0346 
.0681 

Inch. 
0. 

-  .0007 

-  .0008 

-  .0012 

-  .0011 

-  .0010 

-  .0011 

Initial  load. 

One  new  crack. 

A  second  new  crack. 

No  additional  cracks. 

\ 


OBMENT. 
No.  10631. 
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Marks,  Alpha  1,  sand  1,  April  4,  1903. 
Cement  mortar  sleeve,  exterior  diameter  2". 22. 
Set  in  air  38  days. 

Gauged  length,  on  cement  sleeve,  15". 

One  circumferential  crack  in  the  cement  sleeve,  on  one  side,  before 
testing. 


Total 

7^r 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
10,000 
20,000 
80,000 
40,000 
60,000 
55,000 

Inch. 

0. 

.0064 
.0117 
.0179 
.0241 
.0306 
.0837 

Inch. 

0. 

0. 

-  .0002 

-  .0002 

-  .0001 
0. 

0. 

Initial  load. 

Four  new  crackB  appear. 
One  more  crack  in  sight. 
Sixth  crack  in  sight. 
Seventh  crack  in  siffht. 
Eighth  crack  in  sight. 
Ninth  crack  in  sight. 

No.  10632. 

Marks,  Alpha  1,  sand  1,  April  4,  1903. 

Cement  mortar  sleeve,  exterior  diameter,  3". 22. 

Set  in  air  38  days. 

Gauged  length,  on  cement  sleeve,  16". 

Three  circumferential  cracks  in  sight  before  testing. 


Total 

Elonga- 
tion. 

Set 

Pounds. 
1,000 
10.000 
20,000 
30,000 
40  000 
60.000 
65,000 

Inch. 
0. 

.0185 
.0208 
.0278 
.0344 
.0880 

Inch. 

0. 

0. 

.0002 
.0001 
.0001 
.0002 
.0005 

Remarks. 


Initial  load. 

Two  new  cracks  appear. 
Two  more  cracks  appear. 
One  more  crack  appears. 

Do. 
No  more  cracks  in  sight. 


No.  10632a. 

Marks,  Alpha  1,  sand  1,  April  4,  1903. 
Returned  to  the  testing  machine  and  reloaded. 


Total 
applied 
loads. 


Elonga- 
tion. 


^PouTids. 
1,000 
10,000 
20,000 
80,000 
40,000 
50,000 
55,000 


Set 


Inch. 
0. 
.0067 

Inch. 
0. 

.0137 

.0205 

.0266 

.0047 

.0881 

.0008 

Remarks. 


Initial  load. 


0:50 


CEMENT. 
No.  10633. 


Marks,  Alpha  1,  sand  2,  April  6,  1903. 

Cement  mortar  sleeve,  exterior  diameter,  2". 26. 

Set  in  air  36  da3's. 

Gauged  length,  on  cement  sleeve,  15". 

No  cracks  were  visible  in  cement  sleeve,  before  testing. 


Total 
applied 
lo»tds. 

Elonga- 
tion. 

Bet 

,                                 Remarks. 

Pounde. 
1,000 
10,000 
20,000 
80,000 
40,000 
60,000 
55,000 

Inch. 

0. 
.0a55 
.0119 
.0181 
.0244 
.0291 
.0325 

Inch. 
0. 

Initial  load. 

Two  cnu'kH  appear. 
Three  more  crackn  appear. 
Do. 

Two  more  cracks  appear. 
No  more  crackn  in  sight. 

.0006 

No.  10634. 

Marks,  Alpha  1,  sand  2,  April  6,  1903. 

Cement  mortar  sleeve,  exterior  diameter,  3".22. 

Set  in  air  37  days. 

Gauged  length,  on  cement  sleeve,  15". 

No  cracks  were  visible  in  cement  sleeve  before  testing. 


Remarks. 


Initial  load. 
One  crack  opened. 
Three  more  cracks  appear. 
Two  more  cracks  appear. 
One  more  crack  appears. 

No  more  cracks  in  sight. 


No.  10636. 

Marks,  Alpha  1,  sand  3,  April  7,  1903. 

Cement  mortar  sleeve,  exterior  diameter,  2". 25. 

Set  in  air  36  days. 

Gauged  length,  on  cement  sleeve,  15". 

No  cracks  were  visible  in  cement  sleeve  before  testing. 


Total 

Elonga- 
tion. 

Set. 

Pounds. 

Inch. 

Inch. 

1,000 

0. 

0. 

10,000 

.0060 

-  .0001 

20,000 

.0120 

-  .0003 

90,000 

.0181 

-  .0004 

40,000 

.0246 

-  .0006 

60,000 

.0309 

-  .0006 

65,000 

.0857 

+  .0012 

Remarks. 


Initial  load. 


One  crack  develops. 
.  0006  ,  Two  more  cracks  appear. 
Do. 


CEMENT. 

No.  10636. 

Marks,  Alpha  1,  sand  3,  April  7,  1903. 

Cement  mortar  sleeve,  exterior  diameter,  3".23. 

Set  in  air  36  days. 

Gauged  length,  on  cement  sleeve,  15". 

No  cracks  were  visible  in  cement  sleeve  before  testing. 
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Total 

Elonga- 
tion. 

^k•t. 

Heni 

rmwh. 

Inch. 

Tnch. 

1,000 

0. 

0. 

Initial  load. 

10,000 

.0050 

-   .0005 

One  crack  develops. 

20,000 

.0109 

.0005 

One  more  crack  appears. 

30,000 

.0169 

-  .0006 

40.000 

.0230 

-  .0006 

Do. 

50,000 

.0295 

-  .00(M 

Two  more  craclu  appear. 

55,000 

.0329 

-  .0003 

One  more  crack  appean. 

60,000 

.0300 

-  .0002 

50,000 

.0299 

—  .0002 

No.  10637. 

Marks,  Alpha  1,  sand  3,  April  8,  1903. 

Cement  moi-tar  sleeve,  exterior  diameter,  3".  24. 

Core,  .09  carbon  steel. 

Set  in  air  35  days. 

Gauged  length,  on  cement  sleeve,  15". 


Total 
applied 
loads. 


Pounds. 
1.000 
10,000 
20,000 
25,000 
30,000 
35,000 
36,000 
83,600 
35.000 
36,000 


1 1-  -     - 

Inch.  Inch.      I 

0.  I   0.      Initial  load. 
.0060    -  .0002  I 
.0124    -  .0001  ' 

.0167  1 

.0191  I       0.  '  One  crack  develops. 

.  0225  t  One  more  crack  appears. 

'  Elastic  limit  of  steeMjar. 

.  0485  4         .  0256    i  Two  wide  cracks  appear. 

.0897  


Remarks. 


Eleven  very  pronounced  cracks  opened  in  the  cement  sleeve. 

DETERMINATION  OP  WATER  AND  CARBON  DIOXIDE  IN  HYDRATED  CEMENTS. 

The  amount  of  water  retained  in  a  number  of  samples  of  hydrated 
cements  after  exposure  to  different  temperatures  was  determined  as 
follows: 

Two-inch  cubes  were  broken  up;  the  central  parts  of  each  were 

f  round  to  a  powder  and  used  in  the  determinations.  The  finely  ground 
ydrated  cement  was  initially  dried  at  110°  C.  While  hot  the  powder 
was  divided  into  a  number  of  portions,  and  each  portion  put  into  a 
separate  dry  vial.     AlK)ut  1  giumme  from  each  bottle  ia  succession 
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CEMENT. 


was  taken,  placed  in  a  platinum  boat,  and  heated  in  an  electrical  fur- 
nace to  a  constant  weignt  for  the  several  temperatures  recorded,  and 
the  loss  in  weight  noted. 

The  material  was  then  put  into  a  combustion  apparatus  and  heated 
to  redness.  The  volatile  matter  was  di*awn  bj/  suction  through  a  train 
of  tubes,  the  COj  evolved  being  determined  by  absorption  in  KOH. 
After  cooling,  the  boat  and  contents  were  again  weighed  and  the  total 
loss  ascertained.  The  amount  of  water  was  taken  by  difference  between 
the  total  loss  and  the  COj  evolved.  The  loss  in  heating  at  the  several 
temperatures  between  110^  C.  and  redness  was  taken  as  water  when 
the  COg  evolved  during  the  subseauent  heating  to  redness  was  found 
to  be  normal,  and,  when  not,  the  aifference  in  COg  of  the  sample  and 
the  normal  quantity  in  the  material  was  deducted. 

The  cubes  used  were  one  year  or  more  old.  The  brands,  water 
used  in  gauging,  and  conditions  of  setting  wei-e  as  follows: 


Brand. 


Lehigh 

Obelisk 

Newark  and  Rosendale 
SUica 


Marks. 


Water  used    Cubes  set 
I  in  gaugring.        in— 


Per  cefU. 

LJ14 

27.0 

1  Water. 

0J27 

40.5 

1  Air. 

N&R  J26 

37.6 

Air. 

SJ19 

25.8 

^. 

TABLE  SHOWING  THE  TOTAL  LOSS  IN  WATER  AND  CARBON  DIOXIDE  WHEN  HEATING 
GROUND  HYDRATED  CEMENTS  TO  DIFFERENT  TEMPERATURES  FROM  A  TEMPERA- 
TURE OF  110°  C. 


Brand. 

Tempera- 
ture, cen- 
tigrade. 

Loss  in— 

H^. 

CO,. 

I^high ... 

200 
300 
400 
500 
600 
Redness. 

200 

aoo 

400 

500 

600 

Redness. 

200 
300 
400 
500 
600 
Redness. 

200 
800 
400 
500 
600 
Redness. 

Percent. 
5.16 
7.04 
8.50 
10.61 
11.00 
11.40 

3.70 
7.91 
9.50 
9.80 
12.95 
13.00 

3.73 
6.79 
8.40 
9.80 
9.76 
9.78 

8.10 
4.45 
5.66 
6.23 
8.00 

Percent 

Obelisk • 

3.44 
3.56 

Newark  APd  Rosendftio .^    ^^ 

1.00 
4.38 
4.40 

Silica 

2.88 
4.58 
9.54 
9.54 

8.09 

21.74 

Remarks.— Silica  cement  was  made  of  Portland  cement,  40  per  cent;  crushed  limestone,  60  per  cent. 
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CEMENT. 
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COMPOSITE  CONCRETE  FLOORING. 


This  material  represents  the  construction  of  the  flooring  of  room  for  the  storage  of 
photographic  plates  at  the  Astronomii^al  Observatory,  Harvard  University. 
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PHOTOGRAPH  SHOWING  COMPOSITE  CONCRETE  SLAB  BEFORE  TESTING. 


HfL'OTYPE    CO.,    BOllTON. 


PHOTOGRAPH  SHOWING  UNDER  SIDE  OF  COMPOSITE  CONCRETE  SLAB  AFTER  TESTING. 


HELIOTYPf   CO.,   BOSTON. 


CONCRETE. 
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Composite  Concrete  Flooring  Furnished  by  the  Eastern 
Expanded  Metal  Company,  Boston,  Mass. 

transverse  test. 

Composition:  Alpha  Poi-tland  cement,  1;  coarse  bank  sand,  2i; 
crushed  stone,  5. 

Age,  about  50  days. 

Metal  binder  used,  of  two-ply,  6-inch  mesh,  expanded  metal  cut 
from  No.  4  gauge  Bessemer  steel  plate,  about  1"  and  li"  from  the 
bottom  surface  of  slab.  The  inside  dimensions  of  the  6-inch  mesh 
No.  4  expanded  metal  when  placed  in  the  slab  were  5"  minor  diame- 
ter and  11"  major  diameter  of  mesh. 


Width  at 

.end  36:'65-^ 

lelo 

o 

-_  O"^ 

(                                   77"9 

^ 

^-- 

^  O"-* 

i 

\ 

H 

Deflections  measured  on  a  chord  of  73.  "5,  taken  on  bottom  side  of 
flooring. 


Applied  loads. 

Deflec- 

tlODH. 

Remarks. 

Total. 

Fiber 
stresfl. 

P(Mnd%, 

Pounds. 

Inch, 

• 

1,146 

100 

0. 

Initial  load. 

2,292 

200 

.009 

8,438 

800 

.020 

4,584 

400 

.051 

6,780             500 

.080 

6,876             600 

.115 

8,022             700 

.150 

9,168 

800 

.186 

10,814 

900 

.220 

Cracks  developed  on  tension  side. 

11,460 

1,000 

.268 

100 
1,100 

.09 
.356 

12,606 

18,752 

1,200 

.788 

Ultimate  strength. 

Deflections  continued  while  the  load  sustained  gradually  dropped. 
Loads  were  continued  until  the  flooring  was  deflected  about  10"  at  the 
middle.  The  metal  forming  the  meshes  fractured  in  ten  places  at  the 
angles  of  the  meshes. 
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CONOKETE. 

ClNDER-Ck)NCUETE  CUBES. 

OOMPRE8SIVR   ELASTIC   PROPERTIES. 

No.  1514. 

Composition:    Lehigh  Portland  cement,   1;   sand,   2;    cinder 
water,  li. 
Marks,  1. 

Age,  set  in  air,  38  days. 

Vveight,  115i  pounds=111.5  pounds  per  cubic  foot. 
Dimensions:  12".16  X  12".ll  X  12".16. 
Sectional  area,  147.26  square  inches. 
Gauged  length,  6". 


In  gauged  length. 


Set. 


Pounds. 

100 

200 

800 

400 

600 

GOO 

700 

800 

900 

1,000 

1,100 

1.200 

1,800 

1,400 

1,500 

1,600 

1,700 

1,800 

1,900 

1,950 


Inch. 

0. 
.0001 
.0008 
.0005 
.0007 
.0010 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 


Remarks. 


.0018 

.0001 

.0016 

.0001 

.0020 

.0002 

.0024 

.0008 

.0028 

.0004 

.0084 

.0005 

.0040 

.0007 

.0047 

.0009 

.0055 

.0012 

.0065 

.0016 

.0080 

.0023 

.0099 

.0083 

.0128 

.0050 

InitUI  load. 


£  (500- 1,000)  =:1,788,000  pounds  per  square  in*   i 


R  (1,000-1,500)  sl,136,000  pounds  persquareini 


Ultimate  strength. 


538 


CONCRETE. 

No.  1616. 


Composition:    Lehigh  Portland  *  cement,    1;    sand,   2;   cinders,   4; 
water,  1^. 

Marks,  2.  i 

A^e,  set  in  air,  38  days. 

Weight,  116  pounds= 111.7  pounds  per  cubic  foot 

Dimensions:  12".  11 X  12".09  X  12".16. 

Sectional  area,  147.01  square  inches. 

Gauged  length,  6". 


'       Applied  loads. 

In  gauged  length. 

Remarks. 

Per 
square 
inch. 

!     Total. 

Compres- 
aion. 

Bet. 
Inch. 

1    Pounds. 

Pounda. 

Inch. 

I       14,701 

100 

0. 

0. 

Initial  load. 

i        29,402 

200 

.0002 

0. 

44,108 

800 

.0004 

0. 

'        58,804 

400 

.0006 

0. 

78,505 

500 

.0009 

0. 

1        88,206 

600 

.0012 

.0001 

1      102,907 

700 

.0016 

.0001 

1      117,608 

800 

.0018 

.0002 

!      132,909 

900 

.0022 

.0002 

1      147,010 

1,000 

.0026 

.0004 

E  (600-1.000)  =1.928,000  pounds  per  square  Inch.  1 

1      161,711 

1,100 

.0031 

.0005 

t      176,412 

1,200 

.0087 

.0006 

'      191,113 

1,300 

.0043 

.0006 

,      205.814 

1,400 

.0050 

.0010 

. 

1      220,515 

1,500 

.0058 

.0014 

E  (1,000- 1,500)  »l.ld6,000  pounds  per  square  inch. 

;      285.216 

1,600 

.0067 

.0016 

1      249,917 

1,700 

.0078 

.0020 

264.618 

1,800 

.0092 

.0029 

;      279,819 

1,900 

.0112 

.0039 

1      801,200 

2,050 

Ultimate  strength. 

-1 


OONGBETE. 
No.  1517. 
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Composition:   Lehigh   Portland   cement,   1;   sand,   2;   cinders,  4; 
water,  li. 
Marks,  4. 

A^e,  set  in  air  224  days. 

Weight,  115  pounds  =  111.3  pounds  per  cubic  foot. 
Dimensions:  12".09x  12".08X  12".22. 
Sectional  area,  147.62  square  inches. 
Gauged  length,  5". 


Applied 

loads. 

Per 

Total. 

square 

inch. 

Pounds. 

Pounds. 

14,762 

100 

29,624 

200 

44,286 

800 

69,048 

400 

73,810 

500 

88,672 

600 

103,834 

700 

118,096 

800 

132.868 

900 

147,620 

1,000 

162,882 

1,100 

177,144 

1,200 

191,906 

1.300 

206,668 

1.400 

221,480 

1,500 

236,192 

1,600 

250.954 

1,700 

265,716 

1,800 

1      280,478 

1,900 

296,240 

2,000 

1      310,002 

2,100 

1      824,764 

2,200 

839.526 

2,800 

354,288 

2,400 

869,000 

2,600 

384,000 

2,600 

In  gauged  length. 


Compres-  I 
sion.   , 


Set. 


Inch. 
0. 


Inch.  ' 

0. 

0. 

.0004  I 

.0007  

.0010  0. 

.0014  

.0017  

.0022  ; 

.0026  I 

.0081  .0004 


r 


.0041 

.0046  I 

.0063  

.0069  .0010 

.0066  

.0072  1 

.0079  ; 


.0096 
.0109 
.0128 
.0132 
.0146 


Remarks. 


Initial  load. 


E  (5(10-1,000) =1,471, 000  pounds  per  square  Inch. 


E  ( 1.000-1.600) = 1 ,136.000  pounds  per  square  inch. 


E  (1. 500-2.000) » 1.087,000  pounds  per  square  inch. 


First  crack, 
intimate  strength. 
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OONOBETE. 
No.  1518. 


Composition:    Lehigh   Portland   cement,    1;   sand,   2;   cinders,    4; 
water,  1^. 
Marks,  5. 

Age,  set  in  air,  224  days. 

Weight,  112i  pounds= 111.6  pounds  per  cubic  foot. 
Dimensions:  12".00xl2".09Xl2".0(). 
Sectional  area,  146.08  square  inches. 
Gauged  length,  6". 


Applied  loads. 


Total. 


I 


Per 
square 
Inch. 


Pounds. 
14,506 
29,016 
48,5r24 
58,032 
72,640 
87,048 
101,666 
116.061 
130,572 
145.080 
169,588 
174,096 
188,604 
203,112 
217,620 
282. 12o 
246,636 
261,144 
276,662 
290,160 
304,668 
319, 176 
338,681 
348,192 
362,700 


IHmtids.  I 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1,800 

1,900 

2,000 

2,100 

2,200 

2,300 

2,400 

2,500 


In  gauged  length. 


Compres- 
sion. 


Inch. 

0. 

0. 

0. 
.0002 
.0006 
.0008 
.0011 
.0016 
.0019 
.0024 
.0029 


.0041 
.0060 
.0060 
.0066 
.0073 
.0081 
.0091 
.0108 
.0121 
.0136 
.0154 


Set 


Inch, 
0. 


Remarks. 


Initial  load. 


.  0003      E  (500-1,000)  =1.668,000  pounds  per  square  inch. 


.0010 


.0025 


.0069 


£  (1,000-1,500)  »l,816,000pounds  per  square  inch. 


E  (1,600-2,000)  =962,000  pounds  per  square  inch. 


E  (2.000-2,600) =463,000  pounds  per  square  inch. 
Snapping  sounds;   first  crack  and  ultimate    ' 
strength.  i 


Failed  on  application  of  360,000  pounds  total  compression  after 
release  to  initial  load  following  the  load  of  2,500  pounds  per  square  inch. 


^ 


OONCEBTE. 

No.  1623. 
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Composition:    Lehigh  Portland  cement,  1;   sand,  2i;   cinders,  5; 
water,  If. 
Marks,  1. 

Age,  set  in  air,  38  days. 

Weight,  112  pounds =109.1  pounds  per  cubic  foot. 
Dimensions:  12"Xl2".llXl2".21. 
Sectional  area,  147.86  square  inches. 
Grauged  length,  5". 


Applied  loadH. 


Total. 


Pounds. 

14,786 

29,572 

44,358 

59,144 

73,980 

88,716 

103.502 

118,288 

133,074 

147.860 

162,646 

177,482 

192.218 

207,004 


Per 
square 
inch. 


Pounds. 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 


III  gauged  length. 


Compres- 
sion. 


Inch. 

0. 
.0001 
.0004 
.0008 
.0011 
.0015 
.0019 
.0025 
.0032 
.0039 
.0050 
.0065 
.0091 


Set. 


Remarks. 


Inch. 

0. 

0. 

0. 

0. 

.0001 
.0002 
.0008 
.0004 
.0006 
.0009 
.0018 
.0021 
.0036 


InitUl  load. 


£  (500-1,000)  =1,260,000  pounds  per  square  inch. 


Ultimate  strength. 


No.  1624. 

Composition:   Lehigh  Portland  cement,  1;  sand,  2i;   cinders,  6; 
water,  IJ. 
Marks,  2. 

Age,  set  in  air,  38  days. 

Weight,  113i  pounds= 110.6  pounds  per  cubic  foot. 
Dimensions:  12".27x  12".06X  11".98. 
Sectional  area,  144.48  square  inches. 
Gauged  length,  6". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per 
square 
inch. 

Compres- 
sion. 

Inch. 

0. 

.0003 
.0007 
.0012 
.0017 
.0024 
.0081 
.0042 
.0063 
.0069 
.0087 
.0111 
.0145 

Set. 

Pounds. 
14,448 
28,896 
43,844 
57,792 
72.240 
86,688 
101. 186 
115.684 
130,032 
144,480 
158.928 
173.376 
187,824 
202,600 

Pounds. 

100 

200 

800 

400 

600 

600 

700 

800 

900 

1,000 

1.100 

1,200 

1,800 

1,400 

Inch. 

0. 

0. 

.0001 
.0008 
.0006 
.0007 
.0010 
.0014 
.0020 
.0029 
.0040 
.0065 
.0078 

Initial  loiul. 

E  (600-1.000)  »a98,000  pounds  per  square  inch. 
Ultimate  strength. 
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CONCRETE. 

No.  1526. 


Composition:   Lehigh  Portland  cement,  1;   sand,  2i;  cinders,  6; 
water,  If. 
Marks,  4. 

Age,  set  in  air,  224  days. 

Weight,  llOi  pounds=109.5  pounds  per  cubic  foot. 
Dimensions:  ir'.90x  12".04x  12".17. 
Sectional  area,  146.53  square  inches. 
Gauged  length,  5". 


Applied  loads. 

In  gauged  length. 

1 
Remarks. 

Per 
Total.        square 
inch. 

Compres- 
sion. 

Set. 

Pounds.    Pounds. 
14,653             100 
29,306             200 

/ncA. 

0. 
.0003 
.0006 
.0011 

Inch. 
0. 

Initial  load. 

13,959              300 

58,612 
73,265 
87,918 
102,671 
117,224 
181,877 
146,530 
161.183 

400 
500 
600 
700 
800 
900 
1,000 
1.100 

.0015 
.0021 
.0026 
.0031 
.0037 
.0044 
.0053 

.0002 

.0009 

E  (500-1 ,000)  =1,186,000  pounds  per  square  inch. 

175,836 
190,489 
205.142 
219,795 

234,448 
249,101 
268,754 
278,407 
290,200 


1,200 
1,300 
1,400 
1,500 

1,600 
1,700 
1,800 
1,900 
1,980 


.0059 
.0068 
.0080 
.0091 

.0110 
.0141 
.0162 
.0183 


.0028 


E  (1,000-1,500)  =893,000  pounds  per  square  Inch. 
Snapping  tounds. 


Ultimate  strength. 


CONCRETE. 

No.  1527. 


bi 


Composition:  Lehigh  Portland  cement,  1;   sand,   2i;  cinders, 
water,  If. 
Marks,  5. 

Age,  set  in  air,  224  days. 

Weight,  112i  pounds  =  109.8  pounds  per  cubic  foot. 
Dimensions,  12".00x  12".09X  12".21. 
Sectional  area,  147.62  square  inches. 
Gauged  length,  5". 


Applied  loads. 

In  gauged  length. 

Total. 

Per 
square 
inch. 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 
14,762 
29,524 
44,286 
59,048 
78,800 
88,572 
103,334 
118,096 
182,858 
147,620 
162.882 
177. 144 
191,906 
206,668 
221,430 
286,192 
250,954 
266,716 
280,478 
295,240 
298,600 

Pounds. 

100 

200 

800 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1.300 

1,400 

1,500 

1,600 

1,700 

1.800 

1,900 

2,000 

2.020 

Inch. 

0. 

.0002 
.0006 
.0009 
.0014 
.0019 
.0024 
.0090 
.0035 
.0042 
.0049 
.0056 
.0065 
.0078 
.0064 
.0095 
.0105 
.0118 
.0182 
.0155 

Inch. 
0. 

Initial  load. 

.0001 

.6669 

£  (500-1,000)  »1,2SO,000  pounds  per  square  inch. 

.0023 

E  (1,000-1,500)  s898,000  pounds  per  square  Inch. 

Snapping  sounds. 

E  ( 1,500-^,000)  »694.000  pounds  per  square  inch. 

Ultimate  strength. 

.0058 
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CONCRETE. 
No.  1532. 


Composition:  Lehigh  Portland  cement,  1 ;  sand,  3;  cinders,  6;  water,  2. 

Marks,  1. 

Afire,  set  in  air,  34  days. 

Weight,  107  pounds =105. 7  pounds  per  cubic  foot. 

Dimensions:  12".05Xl2".06xr2".03. 

Sectional  area,  145.08  square  inches. 

Gauged  length,  5". 


Applied  loads*. 

In  gauged  length. 

Remarks. 

Total. 

Per 
square 
inch. 

Compres- 
sion. 

Inch. 

0. 

.0001 
.0004 
.0009 
.0013 
.0020 
.0027 
.0038 
.0060 
.0068 
.0102 
.0171 

Set. 

PouTids. 
14.508 
29,016 
43,524 
58,082 
72,540 
87,048 
101.556 
116,064 
180,572 
145,080 
159,588 
174.096 

Pounds. 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1.000 

1,100 

1,200 

Inch. 

0. 

0. 

0. 

0. 
.0001 
.0003 
,0005 
.0010 
.0015 
.0024 
.0044 
.0095 

1 
1 

Initial  load. 

E  (600-1,000)^781,000  pounds  per  square  inch. 
Ultimate  strength. 

4 


No.  1538. 

Composition:    Lehigh   Portland   cement,  1;    sand,   8;    cinders,  6; 
water,  2. 
Marks  2. 

Age,  set  in  air,  34  days. 

Weight,  105i  pounds  =  105.8  pounds  per  cubic  foot. 
Dimensions:  12"  X  ir'.94x  12".03. 
Sectional  area,  143.64  square  inches. 
Grauged  length,  5". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Tdlal. 

Per 
square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
14,864 
28,728 
48.092 
57,456 
71,820 
86,184 
100,548 
114,912 
129,276 
143,640 
158,004 
172,368 
186.732 
191,000 

Pounds. 

100 

200 

800 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,800 

1,830 

Inch. 

0. 

.0004 
.0008 
.0012 
.0018 
.0023 
.0030 
.0087 
.0046 
.0058 
.0079 
.0106 
.0182 

Inch. 

0. 

0. 

.0001 
.0006 
.0005 
.0006 
.0008 
,0011 
.0014 
.0020 
.0081 
.0046 
.0060 

Initial  load. 

£  (500-1,000)»1,000,000  pounds  per  square  inch. 
Ultimate  strength. 

1 

CONCRETE. 
No.  1535. 
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Composition:  Lehigh    Portland   cement,   1;  sand,   3;  cinders,   6; 
water,  2. 
Marks,  4. 

Age,  set  in  air,  220  days. 

Weight,  108  pounds=106  pounds  per  cubic  foot. 
Dimensions,  12".13  X  12".05  X  12".05. 
Sectional  area,  145.20  square  inches. 
Gauged  length,  5". 


Applied  loads. 

In  gauged  length. 

Total. 

Per 
square 
inch. 

Compres- 
Hion. 

Set. 

RemarkH. 

Pounds. 

14,520 

29,040 

43,560 

58,080 

72,600 

87,120 

101,  640 

116, 160 

180,680 

145,200 

159,720 

174,240 

188,760 

208,280 

217,800 

282,320 

246,840 

251,800 

Povnds. 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1,730 

Inch. 

0. 

.0002 
.0006 
.0011 
.0018 
.0023 
.0029 
.0036 
.0044 
.0054 
.0064 
.0073 

!o^ 

.0118 
.0145 
.0179 

Inch. 

Initial  load. 

.0002 

E  (500-1,000) =1,000,000  pounds  per  square  inch. 

E  (1,000-1,500)  =694,000  pounds  per  square  inch. 
Snapping  rounds. 

.66i3 

. 

.0041 

First  crack. 

Ultimate  strength. 

H.  Doc.  521,  58-2 35 
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CONCRETE. 

No.  1536. 


Composition:   Lehigh  Portland  cement,   1;  sand,   3;    cinders,    6; 
water,  2. 
Marks,  5. 

Affe,  set  in  air,  220  days. 

Weight,  105  pounds =104  pounds  per  cubic  foot. 
Dimensions,  12".01Xl2"Xl2".10. 
Sectional  area,  145.20  square  inches. 
Gauged  length,  5". 


Applied  loads.       1     In  gauged  length. 

1 

Remarks. 

Total. 

Per 
square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

14,520 

29,040 

48,660 

58,080 

72,000 

87, 120 

101,640 

116,160 

180,680 

145,200 

159,720 

174,240 

188,760 

203,280 

217,800 

226,400 

Pounds. 

10000 

200 

800 

400 

600 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1  560 

Inch. 

0. 
.0004 
.0013 
.0019 
.0028 
.0037 
.0046 
.0056 
.0068 
.0081 
.0100 
.0118 
.0138 
.0179 
.0210 

Inch. 
0. 

Initial  load. 

E  (500-1, 000)  =735, 000  pounds  per  square  inch. 

Snapping  sounds.    . 

Ed,  000-1, 500)  =463, 000  pounds  per  square  inch. 

First  crack. 
Ultimate  strength. 

.0008 

.0027 

.0102 

• 
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548  MARBLE. 

Compressive  Tests  of  Marble  for  the  Watertown  Arsenal. 


1 


Compressed  surfaces  faced  with  plaster  of  Paris. 


No.  of 
test. 

Description. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive 
strength. 

1      Per 
Total.  1   square 
1    Inch. 

1 

Height. 

Compressed 
surface. 

10584 
10586 

Vermont  Marble  Co 

Columbian  Marble  Co .. 

Inches. 
3.98 
4.40 

Inches. 
3.97 
4.32 

Inches. 
4.12 
4.84 

So.  ina. 
16.86 
18.75 

Pounds. 
162,800 
179,100 

Pounds. 
162,800 
179,100 

Pounds. 
9,960 
9,560 

Pyramidal  fractures. 

Analysis  of  Columbian  marble,  per  label  thereon: 


Carbonate  of  lime M.37 

Carbonate  of  magnesia 77 

Carbonate  of  iron 034 

Manganese  and  alumina  ox  ides 005 

Insoluble  in  acids 63 

Organic  matter 08 

Coloring  matter  is  pure  carbon,  graphite,  which  is  incapable  of  decomposition  by  atmospheric 
•cents. 


PRIVATE   TESTS. 

Private  Tests. 
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TESTS  MADE   FOR   PRIVATE  PARTIES  DURING    THE  FISCAL    YEAR 

ENDED  JUNE  SO,  1903, 


Date. 


Material. 


For  whom  teated. 


Name. 


City. 


State. 


19Q2. 
July   10 

16 

Aug.    4 

5 


12 
15 
16 
28 
Sept.  3 
15 
16 

Oct.      7 
15 

16 
20 
23 
30 
31 
Nov.    5 


10 
15 
17 

Dee.    2 

5 

8 
10 
16 
23 
24 

27 

31 

1903. 

Jan.     8 

5 

9 

15 

17 

21 

28 

24 

Feb.     6 

7 

17 

19 

20 
24 

25 

26 

Mar.    3 

5 

6 

7 

12 


Plain    and    twisted 
steel  bars. 

Concrete  column 

Ca«tiron 

Kails  in  wood 

Concrete 


Pipe  coupling 

Concrete 

Nails  In  wood 

....do 

, do 

Barrel  steel , 

I  Plain     and    twisted 
I     steel  bars. 

!  Boiler  braces , 

.  Shook 

I  Corrugated  steel 

Steel  wire  spokes 

Brazed  joint , 

Limestone 

Cast  iron 

Barrel  steel 

Steel  wire  rope , 

Boilerplate 

Steel  wire  rope 

Brazed  loin ts 

Steel  wire  rope 

do 

Corrugated   rods    in 
concrete. 

Steel  specimens 

Nails  in  wood 

Marble 

Nails  In  wood 

Manila  rope 

Steel  specimens 

Nails  in  wood 

Ciranite    and    lime- 
stone. 

Steel  bar 

Wire  rope 

Shackles 


Ransome  Concrete  Machiner>' 

Co. 

The  Norcroee  Brothers  Co 

WhUtier  Machine  Co 

J.  C.  Pearson  Co  « 

New   York,  New  Haven   and 

Hartford  R.R. 

The  Atliuj  Coupling  Co 

The  Norcross  Brothers  Co ' 

J.  C.  Pearson  Co i 

do 

do I 

The  Marlin  Fire  Arms  Co 

Ransome  Concrete  Machinery 

Co. 

G.  L.  Heins 

The  Pennsylvania  Steel  Cow^ . . . 

Boston  Transit  Commission 

8.  R.  Bailey  &  Co 

Dr.  S.  8.  Carpenter 

L.  W.Lewis 

Salem  Electric  Lighting  Co 

Savage  Arms  Co 

Herreshoff  Manufacturing  Co. . . 

Merrimac  Chemical  Co 

Herreshofi  Manufacturing  Co. . . 

Dr  S.  8.  Carpenter 

Herreshoff  Manufacturing  Co. . . 

^...do 

Boston  Transit  Commission 


New  York N.  Y. 


Boston 

do 

do 

Bridgeport  . 


Boston 

....do 

....do 

....do 

....do 

New  Haven  . 
New  York  . . . 


Albany 

Steelton 

Boston 

Amesbury 

Boston 

PonoaCity 

Salem 

rtioa 

Bristol 

Boston 

Bristol 

Boston 

Bristol 

do 

Boston 


F.  A.  Houdlette  <&  Son do. 

J.  C.  Pearson  Co do. 


Edward  Miller. 

J.  C.  Pearson  Co 

Fearing,  Whiton  &  Co . 
F.  A.  Houdlette  &  Son. 

J.  C.  Pearson  Co 

City  of  Watertown 


The  Marlin  Fire  Arms  Co — 
Herreshoff  Manufacturing  Co. . . 
Fletcher  &  Crowell  Co 


Steel  chain 

Fabric 

Rubber  belting 

Fabric , 

Cast  iron , 

Wrought-iron  braces  . 

Sandstone  cubes 

Artificial  stone 

Nails  in  wood 

do 

Band  knife  steel  .. 
I.«ather  belting  ... 
Wire-rope  sockets . 

Cotton  belting 

Steel  specimens 

Babbitt  metal 

Granite 

Aluminum  wire. . . 
Steel  specimens  , . . 

Barrel  steel 

Steel  specimens . . . 

Fabric 

Marble 

Fabric 

Steel  specimens  ... 

do;: 

Strain  insulators. . . 


H.  I.  Crandall  &  Son  Co  . . . 

Hood  Rubber  Co 

Revere  Rubber  Co 

Hood  Rubber  Co 

Golding  &  Co 

H.  I.  Crandall  &  Son  Co  ... 

City  of  Cincinnati 

H.  Cordes 

J.C.  Pearson  Co 

....do 

Hawkridge  Brothers 

Henry  K.  Barnes 

The  Thomas  Laughlin  Co. . 

Ruboll-Belting  Co 

The  Atlanticworks 

The  Annihilator  Metal  Co . 

City  of  Cincinnati 

Pittsburg  Reduction  Co — 

The  Atlantic  Works 

The  Marlin  Fire  Arms  Co.. 

Spaulding  A.  Jennings 

Hood  Rubber  Co 

The  Norcross  Brothers  Co. . 

Hood  Rubber  Co 

The  Atlantic  Works 

do 

George  C.  Ewing 


Mass. 
Mass. 
Mass. 
Conn. 

Mass. 
Mass. 
Mass. 
Mass. 
Mass. 
Conn. 
N.  Y. 

N.  Y. 

Pa. 

Mass. 

Mass. 

MasK. 

Okla. 

Mass. 

N.  Y. 

R.  L 

Mass. 

R.I. 

Moss. 

R.L 

R.I. 

Mass. 

Moss. 
Mass. 
Wash. 
Mass. 


Seattle 
Boston 

.....do I  Mass. 

do I  Mass. 

do I  Mass. 

Watf  rtown N.  Y. 

New  Haven Conn. 

Bristol !  R.L 

Portland i  Me. 


East  Boston . 
Watertown . . 

Chelsea 

Watertown . . 

Boston 

East  Bof!ton  . 
Cincinnati... 

Detroit 

Boston 

....do 

....do 

....do 

Portland 

Boston 

East  Boston  . 

Boston 

Cincinnati... 
Pittsburg.... 
East  Boston  . 
Hew  Haven  . 
Jersey  City . . 
Watertown . . 
Worcester . . . 
Watertown . . 
East  Boston  . 

do 

Boston 


Mass. 

Mass. 

Mass. 

Mass. 

Mass. 

Ohio. 

Mich. 

Ma.ss. 

Mass. 

Mass. 

Mass. 

Me. 

Mass. 

Mass. 

Mass. 

Ohio. 

Pa. 

Mass. 

Conn. 

N.J. 

Mass. 

Mass. 

Mass. 

Mass. 

Mass. 

Ma.s8. 


550 


PRIVATE    TESTS. 


TESTS  MADE    FOR    PRIVATE  PARTIES  DURING    THE   FISCAL    YEAR 
ENDED  JUNE  SO,  i^^-Oontinued. 


Date. 


1%3. 
Mar.   1:3 

1« 
19 

20 

•24 
26 
31 
Apr.  1 
4 
14 
22 

25 
May     6 

7 
9 
15 
23 

25 

27 

28 

June    4 


15 


For  whom  tested. 


Material. 


Barbed  wire 


Hemp  bolt  rope 

Bncics 

Wire  rope  sockets 

Canvas  beliini< 

Steel  plate  and  l>ars . . 

Marble 

Copper  wire  and  cable 

Rubber  belting 

do 

Concrete 

Limestone 


Brick 

Rubber  belting 

Si8terh<x)ks 

Steel  boiler  plate . . . 
Copper  cylinders . . . 

Cement  cii  bos 

Rubber  belling 

Granite 

Columns 

Wroufifhtirun 

Cement  briquettes. . 

do 

Brake  chain 

Cotton  cloth 

Copper  wire 

Shackles  and  links. . . 

Rubber  belting 

Granite 


The    Hinchman-Renton 

Proofing  Co. 

Albert  WiukIow  &  Co 

The  American  Vitrified  Stofle 

and  Concrete  Co. 

J.  H.  Wihiams  &  Co 

Ruboll-Bciting  Co 

Pittsburgh  Testing  Laboratory . 
The  White  Crystal  Marble  Co.., 

General  Electric  Co 

Revere  Ruober  Co 

.....do 

Sanf ord  E.  Thompson 
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Alternate  straining  of  steel  bar:  P«i»<?- 

Retest;  marks,  SB,,  LiM 395,396 

Aluminium  bronze,  experimental 163 

Analyses,  chemical: 

Bearing  metals 482 

Breechblock  for  3-inch  R.  F.  pun 56 

Carbon  steel  ingot,  16  by  18  inches 169 

Gun  hoop  from  ingot  block  21859  Bj ' 88 

Marble 548 

Nickel  steel  billet,  30  per  cent  Ni 408 

Nickel  steel  ingot,  16  by  18  inches 169 

Rails,  bumping  post 443 

Rails 448 

Shrapnel  cases — 

Ehrhardt 145 

Hexagonal 145 

Cylindrical 145 

Cylindrical,  6-inch,  from  Frankford  Arsenal 148 

Steel  castings  for  gun  carriages  and  mounts 133 

Tube,  5-inch  experimental 108 

Bearing  metals: 

Compression  tests 479, 480 

Hardness 480 

Weight<?d  shaft 481,482 

Chemical  analyses 482 

Specific  gravity 482 

Bolts,  anchor,  for  gun  carriages 138 

Bricks: 

Compressive  elastic  properties  and  absorption  of  water — 

Dry  pressed 493-495 

Mud 49^-499 

Tabulation 500 

Compression  tests — 

Dry  pressed 501 

Mud 501 

Bronze: 

Parsons'  manganese 165 

For  gun  carriages — 

75-millimeter  mountain  gun  carriages 161, 162, 165 

6-inch  barbette  carriages 162, 163, 164 

10-inch  disappearing  carriages 163 

12-inch  disappearing  carriages 163 

Aluminium  bnmze,  experimental 163 

From  Rock  Island  Arsenal 165 

Bullets,  jacketed,  resistance  of,  when  forced  through  the  bore  of  a  .30  caliber 

rifle  barrel 151-160 

Carbon  steel  ingots: 

Chemica]  analysis,  16  by  18  inch  ingot 169 

Tensile  tests,  16  by  18  inch  ingot— 

Unfoiiged  specimens,  after  heat  treatment 170-184 

Tabulation 185 

Forged  specimens,  square  bars  drawn  down  to  rounds  at  different 

temperatures 186-210 

Tabulation 211,212 
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Carbon  steel  ingots — Continued. 

Tensile  tests,  16  by  18  inch  ingot — Continued.  Page. 

Forged  specimens,  square  bars  drawn  down  to  square  bars  at  different 

temperatures 213-240 

Tabulation 241,242 

Hoopforgini^ 243-245 

Tensile  tests,  62-mch  octagonal  ingot — 

Longitudinal,  un forged  specimens,  natural  state  and  after  heat  treat- 
ment   291-308 

Tabulation 309 

Endurance  shafts,  16  by  18  inch  ingot — 

Endurance  tests 321,326,328,329,331 

Tabulation 346,347 

Tensile  tests  of  metal  from  ruptured  endurance  shafts 364-369 

Tabulation 370 

Cast  iron : 

Tensile  tests — 

From  arsenal  foundry 136, 137 

From  Builders  Iron  Foundry 137 

From  C.  H.  Cowdrey  Machine  Company 137 

Cement: 

Cement  cubes  which  set  in  air  at  different  temperatures- 
Compression  tests 505-510 

Cement  and  mortar  cubes;  comparison  of  material  which  set  in  air  and 
in  water — 
Compression  tests 511-516 

Neat  cement  and  cement-mortar  cylinders  which  set  initially  under  high 
pressures — 

Description 517, 518 

Compression  tests 519 

Cement  sleeves  on  steel  cores — 

Description 523 

Tensile  straining  of  grooved  bars 523 

Tensile  teste  of  cement  sleeves  on  bars 524-529 

Determination  of  water  and  carbon  dioxide  in  hydrated  cements 529, 530 

Transverse  tests 531, 532 

Concrete: 

Flooring,  transverse  tests 535 

Cinder  concrete  cubes — 

Compression  tests 536 

Elastic  properties 537-546 

Tabulation 547 

Cordage: 

Coir  rope 489 

Hem p  rope 488 

Manila  rope 488 

Shot  lines  for  United  States  Life-Saving  Service — 

No.  4 487 

No.  7 486 

No.  9 485 

Endurance  shafts: 

Bethlehem  Steei  Company,  treated  bars  from 313-316, 318-320, 335, 336 

Tabulation 346,348 

Carbon  steel  ingot,  16  by  18  inches 321, 326, 328, 329, 331 

Tabulation 346,347 

Gautier  steel  bars 339-345 

Tabulation 348,349 

Nickel  steel  ingot,  16  by  18  inches 317,329-332 

Tabulation 346,347 

Rails,  steel 322-327,332-334 

Tabulation 347,348 

Wrought  iron.  Burden's  best,  plain  and  twisted  bars 337, 338 

Tabulation 348 

Tensile  tests  of  metal  from  ruptured  endurance  shafts — 

Description 353 

Bethlenem  Steel  Company,  treated  bars  from 354-362 

Tabulation 363 
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Endurance  shafte— Continued. 

Tensile  teste  of  metal  from  ruptured  endurance  shafts — Continued.  Pa«e- 

Carbon  steel  ingot,  16  bv  18  inches 364-369 

Tabulation '. 370 

Nickel  steel  ingot,  16  by  18  inches 371-375 

Tabulation 376 

Rails,  steel 380-390 

Tabulation 391 

Wrought  iron,  Burden^s  best,  plain  and  twisted  bars 377-379 

Tabulation 380 

Equalizing  pipes  for  12-inch  disappearing  carriages 166 

Flooring,  composite  concrete,  transverse  tests 536 

Forged  steel: 

6-inch  barbette  carriages,  tensile  tests 134 

From  Boston  Forge  Company,  tensile  testa 135 

Gaskets,  McKim: 

Test  under  hydrostatic  pressure 475, 476 

Remarks  and  conclusions 475 

Gautier  steel  bars: 

Endurance  tests 339-345 

Tabulation 348,349 

GuTi  carriages  and  mounts: 

Cast  iron 136,137 

Equalizing  pipes •. . .       166 

Forged  steel ! 134,135 

Bronze 161-165 

Piston  rods  (proof  stresses) 90 

Retraction  ropes,  wire  (proof  stresses) 90 

Shields 89 

Steel  castings,  chemical  analyses 133 

Steel  castings,  tensile  tests '. 109-132 

Gun  hoops,  hydrostatic  and  tensile  tests  of: 

Chemical  analysis 88 

Details  of  hydrostatic  test 81, 82 

Tensile  tests  of  straightened  rings  from  hoop 83 

Tensile  specimen  tests 84-88 

Gun  specimens: 

15-pounder  R.  F.  guns — 

Tubes 13-16 

Jackets 17-21 

Breechblock 22 

Breech  bushing 23 

Tabulation 23 

75-millimeter  mountain  guns — 

Bodies 27-42,44 

Breechblocks 43,44 

Tabulation 43 

8-inch  R.  F.  guns — 

Tubes 47-49 

Jackets 50,51 

Breechblocks 52,53 

Hoop 54, 55 

Carrier  blocks 56 

Chemical  analysis,  breechblock 56 

Tabulation 56 

5-inch  R.  F.  guns — 

Tubes 59,60 

Jackets 61,62 

Hoops 63,64 

Breechblock 65 

Spindle 66 

Gas  checks 67 

Tabulation 67 

10-inch  steel  B.  L.  rifle- 
Tube 71 

Jacket 72 

Hoop 73 

Spindle 74 
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Gun  specimens — Continued. 

10-inch  steel  B.  L.  rifle— Continued.  Page. 

Gas  checks - 74 

Tabulation 74 

12-inch  steel  B.  L.  mortar — 

Gas  checks 77 

Helical  springs.     (See  Springs. ) 
Hydrostatic  and  tensile  tests  of  gun  hoops: 

Chemical  analysis 88 

Details  of  hydrostatic  test 81, 82 

Tensile  tests  of  straightened  rings  from  hooi> 83 

Tensile  specimen  tests,  hoops  and  unforged  ingot  block 84-88 

Hydrostatic  tests  of  shrapnel  cases: 

Drawn  cylindrical  case 147 

Drawn  hexagonal  case 147 

Ehrhardtcase 146 

Remarks 14t> 

Internal  strains  in  gun  forgings: 
5-inch  B.  L.  rifle,  facket — 

Breech 105 

Muzzle 106 

5-inch  experimental  tube — 

Chemical  analysis 108 

Tension  specimens  from  slice 107, 108 

Ingots,  carbon,  and  nickel  steel : 169, 291 

Iron,  cast.     ( /SVt' Cast-iron. ) 
Iron,  wrought: 

Bunlen's  best,  plain  and  twisted  bars — 

Tensile  tests 411-432 

Tabulation 433,434 

Endurance  shafts 337,338 

Tabulation 348 

Tensile  tests  of  metal  from  ruptured  endurance  shafts 377-379 

Tabulation 380 

Double  refined,  overstrained,  retet^ta — 

Compression  test,  marks,  S  219 398 

Tensile  test,  marks,  S  219 397 

Tensile  test,  marks,  L  209 396 

Marble: 

Chemical  analyses 548 

Compression  tests 548 

McKim  gaskets: 

Remarks  and  conclusions 475 

Test  under  dydrostatic  pressure 475, 476 

Mortar.     (*S!ee  Cement.) 
Nickel  steel: 

Chemical  analysis 408 

Tensile  tests  in  natural  state  of  billet  and  after  heat  treatment 401-^07 

Tabulation 408 

Nickel  steel  ingot,  16  by  18  inches: 

Chemical  analysis 169 

Tensile  tests — 

Unforged  specimens  after  heat  treatment 246-260 

Tabu  lati  on 261 

Forged  specimens,  square  bars  drawn  down  to  square  bars  at  different 

temperatures 262-288 

Tabulation 289,290 

Endurance  shafts — 

Endurance  testa 317,329-332 

Tabulation 346,347 

Tensile  tests  of  metal  from  ruptured  endurance  shafts 371-375 

Tabulation 376 

Overstraine<i  steel  and  iron  bars,  retests: 

Steel  bar,  alternate  straining;  marks,  SBj,  L,M 395, 396 

Double  refined  wrought  iron — 

Compression  test,  marks,  S  219 398 

Tensile  test,  marks,  S  219 397 

Tensile  test,  marks,  L  209 396 
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Paper,  blue-print  and  brown-print,  tensile  teste 489, 490 

Piston  rods  (proof  stresses) : 

76-millimeter  mountain  gun  carriages 90 

15-pounder  Driggs-Seabury  R.  F.  gun  carriages 90 

Private  tests 649,550 

Rail  joint,  frictional  resistance  of 453, 454 

Rails,  steel: 

Bumping  post — 

lending  specimens 437, 438 

Chemical  analyses 443 

Tensile  teste 439^43 

Material  contributed  by  Mr.  P.  H.  Dudley — 

Chemical  analyses! *. 448 

Description 447, 448 

Tensile  teste 449 

Endurance  shafte — 

Endurance  teste 322-327,332-334 

Tabulation 347,348 

Tensile  teste  of  metal  from  ruptured  endurance  shafte 380-390 

Tabulation 391 

Resistance  of  jacketed  bullets  Nv'hen  forced  through  the  bore  of  a  .30-caliber 

rifle  barrel 151-160 

Retraction  ropes,  wire  (proof  stresses): 

8-inch  disappearing  carriages 90 

10-inch  disappearing  carriages 90 

12-inch  disappearing  carriages 90 

Rope: 

Coir 489 

Marble , 488 

Hemp 488 

Wire,  retraction  ( proof  stresses) 90 

Rotating  shafte.     (*SV«  Endurance  shafts. ) 

Shields  for  16-pounder  casement  mounte 89 

Shrapnel  cases: 

Drawn  cylindrical  case — 

Chemical  analysis 145 

Compression  test 144 

Hydrostatic  test 147 

Tensile  teste 145 
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Chemical  analysis 145 

Compression  test 141 

Hydrostatic  test 147 

Tensile  teste 145 

Ehrhardt  case — 

Chemical  analysis 145 

Compression  test 142 

Hydrostatic  test 146 

Tensile  tests ! 145 

6-inch  cylindrical  case  from  Frankford  Arsenal — 

Chemical  analysis 148 

Tensile  teste  ..' ^ 148 
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75-millimeter  mountain  gun  carriages 98-100 

6-inch  barbette  carriages 93-95 

10-inch  disappearing  carriages 98 

12-inch  disappearing  carriages 101 

Springs  for  mortar  carriages,  7  inch •. 96-98 

Springs  for  lanyard  safety-firing  device 102 

Standardizing  testing  machines  in  Germany: 

Tensile  teste .' 457^66 

Tabulation 467 

Steel  bars: 

Alternately  strained 395,396 

Anchor  bolte 138 

Carbon  steel  ingot,  16  by  18  inches 170-245 

Carbon  steel  ingot,  62  inches  octagonal : 291-309 
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Steel  bare — Continued.  P««e- 

Endurance  shafts  and  metal  from  same 313-391 

Experimental  6-inch  tube 107, 108 

Gun  carriages  and  mounts 10^132,134,135 

Gun  hoop  and  unforced  ingot  block 83-88 

Gun  shields 89 

Gun  specimens 13-77 

Nickel-steel  billet,  30  per  cent  Ni 401-408 

Nickel-steel  ingot,  16  by  18  inches 246-290 

Rails,  steel,  bumping  post 439-443 

Rails,  steel 449 

Standardizing  testing  machines 457-467 

Steel  castings  for  sun  carriages  and  mounts: 

Chemi^  analyses 133 

Tensiletests 109-132 

Steel  tubing  and  wooden  cylindere,  transverse  tests 471 

Wooden  cylinders  and  steel  tubing,  transverse  tests 471 

Wrought  iron: 

Burden's  best,  plain  and  twisted  bars — 

Tensile  testa 411-432 

Tabulation 433,434 

Endurance  shafts 337,338 

Tabulation 348 

Tensile  tests  of  metal  from  ruptured  endurance  shafts 377-379 

Tabulation 380 

Double  refined,  overstrained,  retesta — 

Compression  test;  marks,  S  219 398 

Tensile  test;  marks,  S  219 397 

Tensile  test;  marks,  L  209 396 
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